Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



CLASSICAL SCHOOL-BOOKS 

By the Kev. BENJAMIN HALL KENNEDY, D.D. 



rjEEEK GRAM1SJLR.-SBMCM GEAMMATICJE TNEfriTU- 
^ TIO PRIMA. Rndimenli* Btoocniibaa quBDtuliim potoic ImmnUtls 
SrnluiadeiuaaddidilB. U-KbNnmdt llmo.O.U. 

fJBEEK PE08E MATEEIAL^PAL>ESTBA MPSAEUMi o 
^ M*t«ilali for Tmnlilion iato Greek Vow. lelected and nromiiiTr 



A LATIN TOCABTTLAET, arranged on Btymologioil Prinoiples, 
•'^ H in £>erclie-B0Dk and Blnl Lallu DlcUoturr llmo. St. 



LATIH PEOSE MATEEIAL8.— PAIa^STEA. STILl LATlNIj 
ar, Matedala for Tnailation into Latin Prou, aelecled and pmgitainlj 



■pXAMPLES of LATIN PEOSE STTLE.— CTJEBICULUM 

■'■' STILI LATINI ; or, a SyiMmilic Coarae or Examplca for Practice In the 
gtrleortbe beet Latin FroaaAutboia Ilnio. W. 6(f.— KEY, Ii. «d. 



rPHB WOEKS of VIBGIL, chiefly from the Teit of TVaBner i 
■•- brief Latin Foot-Notea, ■ Preface on Virgil'a tljle, and Eoglisb Nole« 



kno-ltdg. 



llaa.juitreaif. 
obtnin trtaa bit Dietionarifa, wbile 
tbu tmbnoa MaAr, iHt anfloloiUT.irbat- 
tnr If furtb« rtqiUHla ntiba (nUlnunm- 
tation of a* anOuT. Thar iriU eoaUln aa 
luuhtmiJuatadMiatMraaBiT 11801 naeaa- 

EngHabliaialadan wUoh la ao nnvefaoine 
to air«T wUb Haatar. aa odit tandins to <n- 
f«t>i«, and often to ndaLeaa, t^ mindB of 



London: LONGMAN, GBEEN, »nd CO., 14 Ludgsta HOI. 



|?-02. [ 




8478Y 



FAMILIAR EXPLANATION 



or 



ARITHMETIC: 

PART n. 

COMPHISINO 

FRACTIONS, DECIMALS, PRACTICE, PROPORTION, 
AND ITS APPLICATIONS, Ac. 

WITH SECTIONS ON BOOE-KEEPINa. DECIMAL COINAGS; 
AND THE METRICAL SYSTEM. 



BT THl 



REV. FREDERICK OALDER, M.A. 

HEAD HASTES OF THE O&AHHAB SCHOOL, OHBBTBIIFIXLD. 



NEW EDITION. 



LONDON: 
LONGMAN, GREEN, LONGMAN, AND ROBERTS. 

1861. 



V 



/^. C^.JJ^.^ 



Cambd^S^: 



PBINTED BT C. J. CLAY, M.A. 
AT THE UNIVBBglTY PRESS. 






ADVERTISEMENT TO NEW EDITION 

OF PART II. 



This edition differs from the preceding ones in containing 
a Collection of Easy Miscellaneous Examples, a short but 
complete Treatise on Book-keeping, in which the principles 
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THE FOLLOtHNG SIGNS MUST BE VERY WELL KNOWN 

BEFORE THIS BOOK IS READ. 



'¥plm, placed between two numbersi ahows that they are to be added 
together. 

— mMiiu, between two numbersi shows that the latter Jiiunber is to be 
subtracted from the former. 

X vnio, or multiplied by, between two nnmberSi shows that the two are to 
be multiplied together. 

-^ ly, or divided hy, between two nnmberSy shows that the former is to 
be divided by the latter. 

ss eqwd to, between two quantities, shows that the quantities on each 
side of it are equal. 

.*, stands for Iherrfore, 

*.* beccnue, or tinee. • 

> greater ikan, placed between two quantities, shows that the former is 
' greater than the latter. 

< 2e89 tfutn, placed between two quantities, shows that the former is less 
than the latter. 

^ placed between two quantities, shows that the smaller of the two is to 
be subtracted from the larger. 



Nate, — ^The figures enclosed in parentheses^ as (8) in p. 4, line 22, 
refer to preyious articles in the work. 



ARITHMETIC. 



Befobf commencing the considel^tion of Frax^tions, it 
will be necessary to explain certain properties of numbers, 
wMch enter very much into the treatment of fractions. 



Errata, 

Page 226, line 19, the words Or. and Dr. should be reversed. 

239, in the middle of the page, 

240, lines 1 and 3, 
235, erase the note. 



If 



>> 



fi 



V 



I? 



)) 



of 6, i, and 2, because it can be divided exactly by those 
numbers; and 12 is the least common multiple of 6, 4, and 
2, because it is the least number that can be divided exactly 
by those three divisors. 

3. A number is said to be. a common measure of two or 
more numbers when it will exactly divide those numbers; 
and the greatest number which will so divide them is called 
aA. 1 



2 HEASUBES AND MTJLTIPLES. 

their greatest common measura Thus, 2, 4, 6, 12, are 
common measures of 24 and 36; and 12 is their greatest 
common measure. 

We shall for the future write o. c. ic for greatest com- 
mon measure, and l. c. m. for least common multiple. 

4. A number is called a prime number when it cannot 
be divided exactly by any number greater than 1. Thus, 
3, 5, 7, are prime numbers^ because they have no divisor 
greater than 1 ; we also call such numbers priinea, 

5. Two or more numbers are said to be prime to one 
another, when they cannot all be divided exactly by any 
number greater than 1. Thus^ 7, 8, 9, are prime to each 
other : but such numbers are not necessarily themselves 
prime numbers; for 8 can be divided by 2 and 4; and 9 
can be divided by 3; but 8 and 9 have no divisor common 
to botL 

6. All nimibers not prime are called composite; because 
they are composed of two or more prime numbers multiplied 
together. Thus, 6 is a composite number, being formed by 
the multiplication of the prime numbei's 2 and 3. 

7. The prime numbers which, when multiplied together, 
form a composite number, are called factors of that 
number. Thus, 2, 2, 2, 3, are factors of 24, because 
2 X 2 X 2 X 3 == 24. So the factoid of 36 are 2, 2, 3, 3, lor 
2x2x3x3 = 36. 

8. To break up a composite number into its prime fac- 
tors, divide it by the smallest prime which will divide it 
without remainder; and continue dividing by prime divisors 
until the last quotient is L The number will be found equal 
to the product of all the divisors-*^that is^ all the divisors 
are its factors. 



VKAJBUBXS AHD UULTIPLISi d 

Ex. To break 120 into piinw fftcton : 

2; 120 



i) 60 




2; 80 


.*. 2, 2| ^, 9, S, are its prime factors. 


8; 16 


or^ 120=^2x2x2x3x5. 


5) 5 
1 





When, therefore, I say^-break any number, as 120, into 
its fiujtors, I mean, exhibit it in the above form. This form 
is called an equation: thus, 7 x 5 = 35 is an equation; and 
7 X 5 is called the left-hand side, and 35 the right-hand side, 
of the equation. 

Ess. 1. Besolye into prime factor* 

1. 1050. a. 1485, 5. 1820. 7. 64. 9. 2310. 11. 5724. 

2. 2825. 4. 1155. 6. 4802. 8. 4389. 10. 6842. 12. 1168. 

Ob8. If anj one number be divisible by a second, we 
must have all the factors of the second number among the 
factors of the first: thus, if 36 be divisible by 12, all the 
factors of 12 will be among the &ctors of 36, or 36 must 
contain all the factors of 12. 

9. Also, if I wish to divide 35 by 5, (since 85 is the 
same as 7 x 5), I may divide 7x5 by 5 ; and since I know 
that the quotient is 7, 1 can now observe that that quotient 
is found by taking away the divisor 5 out of the product 
7x5: so also in the equation 7x3x5 = 105, to divide the 
105 by 5, take away the 5 out of the Victors on the left-hand 
side, and there remains 7 x 3, or 21, as quotient; to divide 
by 7, take away 7, and 3 x 5, or 15, is quotient; or, we can 
divide by the product of two fitctors at once : thua^ to divide 
by 15, take away 3x5, and the quotient is 7. This is a 
vexy quick method of dividing a composite ntmiber by any 
one or more of its factors, especially if the number be large. 

1—2 
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Thus, since 2520 ==2x2x2x7x3x3x5; 

or = 8x7x9x5; 
therefore, if I wish to divide 2520 bj any measare of it, as 
24, I take away 24, or 2x2x2x3, from its factors, and 
the product of the remaining factors, 7 x 3 x 5 = 105, gives 
the quotient. To divide 2520 by 63, I remove 7x9^ and 
thequotient =. 8 x 5 = 40, • 



LEAST COMMON MULTIPLE. 

10. It is required to find the Im c. m. of 2, 3, 5, 6, 9, 10, 
12, 18, 20. 

Now, of the above numbers, we observe that 2, 3, 6, and 
9 are divisors, or measures, of 18; every number, th^refore^ 
which is a multiple of 18, will also be a multiple of 2, 3, 6, 9. 
So likewise, every multiple of 20 will be a multiple of 5 and 
10; therefore, every multiple of 18 and of 20 will be a 
multiple of 2, 3, 6, 9, 5 and 10. I^ then, I find the L. a M. 
of the three remaining numbers 12, 18, and 20, that multiple 
will be the l. c. m. of 2, 3, 5, 6, 9, 10, 12,. 18, 20. Now, 
12 X 18 x 20, or 4320 gives one common multiple of 12^ 18, 
and 20, since this product is plainly divisible by 12, 18, and 
20; but this is not the least a sc 

11. To find the l. c. m., break the numbers 12, 18, 20, 
into their prime factors, as in (8), and place a comma be>tween 
each set of &tctors^ thus : 

12, 18, 20, 

2x2x3, 2x3x3, 2x2x5. 

Now, by (8 Obs.), in order that the l. a m. may contain 12, 
it must contain all the &ctors of 12 ; .*. it must contain 2, 2, 3, 

so, to contain 18, 2,3,3, 

and to contain 20, ^»^9^j 
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that is, in the required l. c. H. I want two twos, two threes, 
and one 5; but in the product of 12 x 18 x 20, or of 
2x2x3x2x3x3x2x2x5, I have five twos and three 
threes j therefore I have three twos and one 3 which I do 
not require; and, omitting these, the remaining factors, 
multiplied together, give 2x2x3x3x5 = 180; where it 
may be seen upon trial that this row of Actors contains all 
that is necessary for 12, 18, and 20, and no more; and 
therefore the product of these factors is the least number 
divisible by ^2, 18, and 20, or is their l. c. M* 

12. The whole work should be written out as follows, 
where the mark ( - ) is placed oveir every number which is 
afterwards to be omitted :-« 

273,6,6, 9,10,12,18, 20. 
2x2x3, 2x3x3, 2x2x5, 

/. L. 0. M. = 4 X 9 X 6=:20x 9=180 (A). 

OfiS. It 18 worth notice that, in multiplying the numbers which are 
to form the L. 0. if., a little dexterity will generally enable the pupil to 
find the product mentally ; for instance, the numbers very often contain 
one quantity ending in 5, and one even number ; and these can be more 
readily multiplied than any others, as is seen in line (A). 

JSx. II. To find the L. a m. of 7, 16, 32, 21, 56, i2. 

7, 16, 32, 21, 56, 42, 
2x2x2x2x2, .2x2x2x7, 2x3x7, 

/. L. 0. M. = 32 X 21 = 672. 



/' 



In this example, I first reject 7 and 21, because 42 contains them ; 
next I reject 16, because 32 contains it ; then, of the prime factors, I 
preserve five twos for the number 32, and reject the others : I preserve 
one 7 9 which is required for 56 and 42, and one 3 for 42. In preserving 
the five twos, it is better to keep them all together, rather than have 
some in one set of factors, and some in another. 
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« 

EXB. 2. Find the L. o. u, of 

1. 2, 8, 4, 8. 8. 1, 2, 8, 4, 5, 6, 7, 8, 9. 

2. 8,5,9,18,20. 9. 12,83,55,27,18. 
8. 8,11,5,85,21. 10. 7,11,18,17. 

4. 7, 28, 85, 42, 63. 11. 8, 9, 10, 11, 12, 15. 

5. 4, 5, 8, 24, 40, 120. 12. 10, 14, 21, 28, 35. 

6. 5, 7i 9, 12, 15. 13. 18, 20, 24, 86, 48. 

7. 13,14,56,63,72. 14. 27,36,45,42,16. 



GREATEST COMMON MEASURE. 

13. We have seen in (3) that the o. a x. of two or 
more numbers is the largest divisor which can exactly be 
contained in those numbers. 

Where the numbers are not large, this o. c. m. may be 
found by breaking them into their prime factors; and if any 
factors are contained in all the numbers, the product of these 
will be the o. a ic. 

Thus, to find the G. c. M. of 36, 27, 144; breaking up into 
fectors, we have 

36, 27, 144, 

2x2x3x3, 3x3x3, 2x2x2x2x3x3, 

Here it is plain that in these sets of &ctors two threes 
and no other number are common to all; that is, 3 x 3, or 9, 
is common to all the numbers 36, 27, 144, — and is therefore 
their o. 0. u» 

14. But where the numbers are large^ and they camiot 
be easily broken into &ctors, the following rule is to be 
used:— 
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Take two of tbe pn^Kwed . numbers, and divide w 
greater hy the less: if there be a remainder, make that 
remainder a new divisor, and take the former divisor as a 
new dividend, and continue this process until there be no 
remainder : the last divisor will he the Ot.c.ii, 

If there be a third number, go through the same work 
with this third number, and the o. c. M. of the other two; 
then, as before, the last divisor will be the a. a H. And the 
same process must be continued if there be 4, 5, &a, or anj 
amount of numbers, of which we have to find the g. c. h. 



We Trill try thif rule upon the three numben taken above, viz. 86, 27, 
and 144. 

©; 144 i^ia 

9 

54 
54 



27; 86 {JL 

21. 

»i27(8 
27 



/. 9 is the o. 0. k. of 27 and 86 : and 9 ie the CK 0. K. of 27, 36, and 
144, as was shewn above. 



Ex. IL Fmd the a. c u. of 824, 456, 728. 



824; 456 U 

824 



182; 824 (2 
264 

60; 182 (2 
120 

12; 60 (5 
60 



12; 728 (60 
720 

""s; 12 (1 

4;8(,2 
8 



.'. 12 If the G. 0. u. of 824, 456 ; and 4 is the «. c. u. of 824, 456, 728. 

15. If the last divisor be 1, we then learn that the 
numbers have no common divisor greater than 1 ; L e, they 
are prime to each other. 

Obs. Even when the divisors are less than 12, it is 
better to divide by long, rather than short division, because 
ihe remainders are thereby placed in the most convenient 
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sitiia;(n6n for oontmuing the procesa This role for finilmg 
M^e o. a M. cannot be proved true without the use of algebra ; 
but the method of proof is shewn below*. 

16. When we have to find the l. c. IL or g. c. m. of any 
numbers which are not large, we may often, after a little 
experience, see the answer, without going through the work. 

Thus, if it were required to find the l. o. m. of 3, 4, 6, and 
8, a pupil would soon learn that 24 was the required number. 
The easiest method of performing this operation, without 
writing, is to multiply in one's head the largest of the 
numbers given, by 2, 3, 4, and so on, until a number be 
found which will contain all the other numbers. So, ia 
3, 4, 6, and 8, if I try 2 X 8 = 16, it will not hold the 6; 
but 3 X 8 = 24 will hold the 6 as well as the 3 and 4, and 
theirefore is the required l. c. m. 

17. Agam, to find the G. a IL of 4, 8, 12 : it is easy to $ee 
that no number greater than 4 can go in 4, 8, and 12, or 
that 4 is their G. c. H. 

When we can thus see the answer without working, we 
are said to find the l. c. x. or g. a il by inepection. 



* When any number measures two others, U will be found to measure any number 
composed either of the turn of any multiples of those numbers, or their differmot. 

For example, dnce 6 is a common measure of 18 and 21, it will be a measure of 
(3X18) + (4X24) which =160; or of (7X18) -(8X24) which =54. This rule can be |)fVMci 
true by algebra, and may be seen to be correct in the particular Ex. Just given. 

Making use of this fact, and referring to the first portion of Ex. n., I obserre that 
every cm. of 824 and 466 must be a measure of (456—324) or of 132; also that eyexy 
cu. of 132 and 324 must be a measure of (132+324), or of 466; hence the common 
measures of 384 and 456 are precisely the same as those of 132 and 324 ; and therefore 
the greaieit cm. of 324 and 456 is the same as the grtaltatA o. m. of 132 and 324. Again, 
I see that 60 and 132 are derived fh>m 132 and 384, just as these latter numbers were 
derived from 324 and 456; hence it is plain that the a. cm. of 182 and 324 is also the 
0.O.M. of 60 and 132, and still further, that it is the same as the a. cm. of 12 and 60; 
hence the o. cm. of the original numbers 824 and 456 is shewn to be the same as that 
Of 12 and 60; but the o.ck. of 12 and 60 is 12; hence 12 is the o.aiL of 324 and 466. 



jmAOTIONEL '9 

EXS. 3. Find the a. 0. M. of 

1. 848 and 390. 6. 1836 and 18i5. 

2. 510 „ 695. 6. 4775 „ 10959. 

3. 413 „ 843. 7. 715, 781, and 1067. 

4. 217 „ 643. ' 8. 189, 216, „ 729. 

Shew that 327 and 529, also that 189 and 727 are prime to each other. 



Obs.— THE FOLLOWINa ABBEEVIATIONS WILL 

SOMETIMES BE USED. 



Den*. , . , 


for Denominator. 


Rem* . . 


. for Bemainder. 


Num.* • • . 


„ Numerator. 


Diff^ . . 


„ Difference. 


Fr» . ' . . . 


„ Fraption. 


Comp* . . 


, „ Compound. 


Mult". . . 


„ Multiplication, 


Bed* . . 


. „ Beduced. 


Add- . . . 


„ Addition. 


Com. • • 


. „ Common. 


Sub» . . . 


,, Subtraction. 


Quan' . • 


. „ Quantity, 


Div». . . • 


„ Division. 


Imp' , . 


. „ Improper. 


Quot* . . . 


„ Quotient. 


Frac» . . 


„ Fractional. 


Ei 


„ Example. 


Art. . • • 


. 1, Article. 



FRACTIONS. 

18. Def. By the term Unitf we are to nnderstanJ a 
single article of any kind, as 1 inch, 1 yard, 1 -p&mj, 
1 otmce, isc* 

Det. Unity is merely another name for the figure 1. 

19. A fraction is a part or parts of a number, or quantity, 
supposed to be broken into any number of equal portions. 
I^ then, the unU be divided into 4, 5, or 6 equal parts, one 
of these parts ynUl be called one-fourth, one-fifth, or one- 
sixth, and is thus written — J, J, J. So also, if any tioo of 
these parts be taken, the quantities thus taken will be called 
^zoo-fourths, ^too-fifths, and ^too-sitths, i. e. of the unit or of 
one, and be written f , {, f • 

1—5 



10 FRACTIONS.. 

• 

20. The number below the line, which shews into how 
many parts the unU was broken, is called the denamincUor, 
because it expresses the denomination, or kind of parts, as 
fourthsy fifths^ sixthf. The upper number, which enume- 
rates, or counts, how many parts are taken, is called the 
nitmerator. Thus, in the fraction |, 5 is the denominator^ 
2 the numerator. 

Obs. Such a fraction as I have been describing is called 
a Vulgar Fraction, We shall afterwards find that Vulgar 
Fractions can be expressed in another form, and are then 
called Decimal Fractions, or more commonly Decimals, 

21. Again, any fraction, as |, may represent other 

quantities, besides being two-fifths of one, as we have just 

explained 

Fio. 1. 

-J ! ! ! ! linch. 

' ' ' ' ^ 2 inohea. 



For if we divide the quantity 1, as 1 inch, into 5 equal 
parts (see Fig. 1), and also divide the quantity 2 into 5 
equal parts, then one of the latter parts will be twice as 
great as one o£ the former; or two of the former and one of 
the latter have the same value. Now, the former or smaller 
is one-fifth of 1; and the latter or larger is one-fifth of 2j 
and, since two of the former == one of the latter, therefore 
two-fifths of 1 = one-fifth of 2, or f of 1 = i of 2; and both 
these quantities are expressed by the fraction f • Similarly, 
f means «{a^8eventh8 of one, or one-seventh of six; J9. means 
three-fourths of 1 shilling,* or one-fourth of 3 shillings^ each 
of which will, on trial, be found to be 9dL 

22, From what has been said, it will be seen that the 
den' of a fintction shews into how many parts the unit is 
divided; since^ then, f is proved to mean one-seventh of 6, 
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thai 18, it is equal to 6 divided by 7; we hence aee that a 
number placed as a den', underneath any other number as a 
num% shews that this deu' is to be taken as a diyisor of the 
num'; thus, ^ implies that 15 is to be divided by 7 : but as 
long as I do not work out the div°, that division is said only 
to be expressed. Thus again, in the fraction ^, we under- 
stand that 23 is to he divided by 7. 

We shall hereafter see more clearly than now, that if 
23 is divided by 7, the fraction ^ may be called the 
quotient. — (See Appendix, Art. Fractional Quotient.) 

23* A fraction is called a proper fraction when the num' 
is less than the den'; thus, |, ^, are called proper fractions, 
because tibey really represent a part or parts of a unit^ and 
are less than the whole unit. 

24. A fraction whose ntun' is equal to, or is greater 
than the denom', is called an improper fraction: Thus, 
I, ^, are called improper fraetions, because they are not in 
reality parts of a unit broken up — i. e. are not less iiian 
the whole unit-^but they are either one complete unit, or 
more than one. 

25. Any whole number may be made to appear as an 
improper fraction with any required den', by multiplying 
and dividing the whole number by that denominator. 

Thtus 3 = i|i-^: if the r«q«ired dea- be 7, 3 = ^. 

26. A mixed number is one formed of a whole number 
and a fraction, as 3|, which is read three and two-fifths — 
that is, three units, and two-fifths of another unit; just as 
3s. 7d. means 3 shillings and /? of another shilling, and 
might be written 3^$., where the unit is one shilling. 

27. A fraction consisting of two or more fractions. 
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connected hj the word of placed between them, is called a 
compound fraction; aa f of f of f : and a complex fraction 
is one in which either the num.' or den', or both, are 
fractions; as 

2! 8 n gofU . 

T' 7T W ~W' 

This last fraction is thus read : eight-ninths of one-and- 
two-thirds, divided by seven-and-one-fifbh. 

28. To multiply a fraction by any whole number, we 
multiply the num' and retain the same den'. 

Thus, if it be required to multiply A hy 4, — -just as 

4 times 5 pence = 20 pence^ so 4 times 54ivel/ih8 == 20- 

20 
twd/ihs, or Yo ; 

5 . 20 ... 5 X 4 , 
••. X2 ^ 12 ' ^ "12"' ^^ 

To multiply a fraction by a whole number, the num' is 
multiplied by the number, and the den' is not altered. 

29. Again, to multiply a fraction by any whole number, 
if poasihle, divide the den' by this multiplier, and leave 
the numerator unaltered. By this rule we should have 

To prove this, let any unit be divided — Ist, into 3 equal 
parts, and 2ndly, into 12 equal parts (see Ei§. 2); then 

Fio. 2. 



A 



T i i i i I i g" 



each of the larger parts is called i, and each of the smaller 
A. Kow, one of the thirds is four times as large as one of 
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the twdfths, therefore 5 of suoli thirds are 4 times as large 
aadofthetwelfiihs; 

R R R 

or, in the former shape, To ^ * = 3» which = ^ . ; hence, 

In multiplying by a whole number, the den' must be 
divided, and the num' left unaltered. 

X subjoin a epecimen of the form in which these Exa. should be 
worked, 

18 ** 18^6 ""8' 
5 ^^, 6x8 40 

18^"" "IT "'is- 
Ex8. 4. 

X. Multiply i by 2, 8^ i, 5, 6, 7, 8, 9, sueoessively. 
II. Multiply il by 8, 5, 6, S, 9, 12> successively. 

30. To divide a fraction by any whole number, divide 
thie num', if possible, and keep the same den'. 

Thus, if it be required to divide J| by 4, just as 12 pence 
divided by 4 would give a quot* 3 pence, so 12 thirteenths 
divided by 4 woxdd give a quot* 3 thirteenths; 

12 . 3 ... 12-f-4 , 
.'. T3"^^ = T3^^^^=~'Y3-> hence. 

The num' is divided by the given divisor, and the den' 
unaltered. 

But if we cannot divide the num' of the fi* by the whole 
number, then we must multiply the den' by this divisor. 

3 3 3 

By this method ^ -s- 4 would = •= — . = ^7:. 
^ 5 5 X 4 20 

To prove this, observe in the fractions | and ^f^, that in 

the first fr^ the unit is divided into 5 equal parts, (see 
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Fig. 3,) and therefore each = |; and, in the second, the same 
unit is divided into 20 equal parts, and therefoxe eache= ^: 

Fxo. 8. 



1 

9V 



1 



II Iftiill Itlllllttil 

now it is plain, from Fig. 3, that one-fifth, when divided by 
4, becomes one-twentieth; so ^Aree-fifths divided by 4 become 
iAree-twentieths ; 

••. ^ -5- 4 = r?7r, which = -= — -: henc^ 
5 20 5x4 

We multiply the den' by the given divisor, and leave 
the num' unaltered. 

The following are specimens of the mode of workbg. 

10 ' 10 *10* 

10 loxe 60* 

Obs. Since it rarely happens that we can divide any 
num' or den' by any chance number, we therefore, in multi- 
plying a fr", have, as a general rule, to multiply the num'; 
and in dividing a fr^, to multiply the den'. 

Exs. 4. 

III, Divide f by 2, Z, 4, 5, 6, 7, S, 9, successively. 

IV. Divide H by 2, 8, 4, 7, 8, 9, 18, successively. 

3L We have now shown that to multiply a fif by a 
whole number, we multiply the num% and to divide a fr" we 
multiply the denT; therefore if we multiply both num' and 
den' by the same qnsxJ, we shall have both multiplied and 
divided the fr" by the same number ; but since to multi|dy a 
quan' by any number, and then to divide by the same, leaves 
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the original quan' imalteired, therefore to multiply both 
nam' and den' of a fr" will not alter its valae : 

rm- 8 8x4 12 

and by observing Fig. 3, we shall see that since 3 of the 
large divisions, or JifihSf = 12 of the small divisions, or 
ttoerUiethSf we have by inspection the same result^ viz. f = }§. 

32. So also, since by dividing the num' we divide the 
whole fi*, and by dividing the den' we multiply the same 
fr"; therefore, if we divide both num' and den' by the same 
quantity, the fr^ will remain unaltered in value: 

Tk 12_124-4_8 
by a process opposite to that in the last Art. 



TO BZDUOS A FRACTION TO ITS LOWEST TERMS. 

33. We have shown that both num' and den' of a fr* 
can be divided by the same number without altering the 
value of the fr"; and if the num' and den' cannot be exactly 
divided by any whole number, the fr" is said to be in its 
lowest terms, because it is expressed in the lowest possible 
numbers. 

Thus, f , f are fr" in their lowest terms, because 3 and 4 
in the fii'st fr*, and 5 and 6 in the second fr", have no 
common divisor, or c. H. 

But ^ is not in its lowest terms, for both num' and den' 
can be divided by 4; and the &" will then be }. So also, in 
fr° ^, 5 is Q. c. M. of num' and den'; and the fr^ in its lowest 
terms S3 f. 

It is plain, therefore, that if any fr^ be not in its lowest 
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terms, and we wish so to reduce it, both numT and den' must 
be divided by the greatest possible divisor, t. e. by their 

O. G K. 

In working a sum of this kind we should express the 

operation thus : 

15^ 15-^5 ^8 
25 25-7-5 5' 

but when, in future, it is necessary to use this operation, it 

Inay be thus written, Jf = f > the intermediate step being 

omitted. 

34. When the num' and den' of a £r* are both small 
numbers, the o. c. k. may be often found by inspection, or 
sometimes some c. H. may be found, though not the greatest; 
and, by dividing by it, the fr** may pa/rtly be reduced; and 
then a a X. of the fr^ so reduced may be found, and a 
second division performed, till we reduce the fr*, if not to 
the lowest, at any rate to lower terms. 

Thus, ^ = j^ = I is now reduced to lowest terms. 

It is worth notice, that every number ending in 5 or 
must have 5 for a divisor, and every even number can be 
divided by 2. 

But if mere inspection will not tell us the o. c. it of 
num' and den', it must be found by the method already 
given (14) for finding the g. c. m. of two given numbers. 

EZS. 5. Bedace to their lowest terms 

:. » 3. m 5' an 7. aw 9. ^^Sr n. f » 
2.^ 4. ijsi 6. ifjj 6, an 10. HH i2.iii 



TO BEDUCE AN IMPROPER FRACTION TO A WHOLE OR MIXED 

NUMBER, 

35. Ex. To reduce 3^ to a whole or mixed number. 
We have before shown (22) that this fr" expresses that 17 is to 
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be divided by 6; now, if the 17 were exactly divisible by 5, 
the quotient would be a whole number; but if not^ as in 
this case, then since 15 is the largest multiple of 5 below 
17, we can divide the 15 by 5, and the quotient is 3; but 
the division of the remaining 2 by the 5 cannot be per' 
formed: it must therefore be understood^ by placing the 
divisor 5 underneath the 2 as a den', and thus | may be 
said to be the quot^ of 2 when divided by 5 : the whole 
quotient will, therefore, be 3 and f ; and the operation may 
be thus written — 

17 lg+2 15^2 Q. 2 

or, as it is g^ierally written, = 3}. 

Also, since 5-fifths = 1, therefore 15-fifths = 3, and 17- 
fLfths must ^ 3 and 2-fifth8, or 3?, as just shown. 

36. In writing the whole operation as fully as has been 
done above, it is necessary to find what is the rem' after the 
num' has been divided by the den'. It must then be placed 
as the rem' 2 has been placed in the above Ex., and the 15 
is of course found by subtracting this rem' from the whole 
num'. Where the num' and den* are small, this rem' may 
be found without working any div" sum on the paper; but if 
the numbers are large, a diV" sum must be worked before the 
above operation can be shown. 

827 ' 

Thus : Ex. 2. Beduce — to a whole or mixed nomber. 

19; 827 tt7A 
19 

187 Here, the rem' being 4, tlie largest multiple of 19 below 

183 827 is 828^ which contains 19, 17 times, 

19 
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,. , , 827 828+4 828^4 ,^. 

therefore we have _ = — jj- =— +- =17xV; 

or, M tiBoally written, — sl7iV* 

EX8. 6. Keduce to whole or mixed numbers 
2 »« 1 •oa A "^* 8 P'** in »*•* 12 4001 



TO BEDX7CE A MIXED KUMBEB TO AN IMPROPER FRACTION. 

37. Ex. To reduce 3| to an improper &". That we may 
explain tliis operation properly, we must observe, that in 
order to express two or more numbers in one sum, these 
must all be of one kind or denomination ; thus, in a simple 
addition sum, we add units to units, tens to tens, dec ; and 
in a compound addition sum we add together like quantitiesi, 
as pounds to pounds, shillings to shillings, &c. 

If, therefore, I have to express in one sum 3 units and 
2 fifths, these two quantities must be reduced to the same 
kind. Now, I cannot reduce the fifths to a whole number, 
because two-fifths are less than unity; I must, therefore, 
reduce the 3 units to fifths, that is, I must express 3 as a fr^ 
with a den' 5. 

Thus, by (25) 3 = ^ =^ ; adding then the 15-fifths 

to the two-fifths, I have the sum 17-fifths, or ^. 
The whole operation may be thus expressed : 

8x5+2 _ 15+2 _ 17 

38. It will be seen that this Ex. is exactly the reverse 
of that in (35); and we may observe, that the num' of the 
improper fr°, viz. 17, is obtained by multiplying the whole 
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number S by the den' 5, and adding the former num' 2 : thus, 
in working the aboTe Ex., I should say 5 times 3 are 15 and 
2 are 17. 

When, then, we have in fiiture Ex' to reduce a mixed 
number, 3f, to an improper fr*, we should merely write 
3f = Uy where all the intermediate work can be performed 
mentally, when the numbers are not large. We could thus 
write 9^ = ^, because 12 times 9 are 108 and 7 are 115. 

EXS. 7. Bedaoe to improper fractions 

1. 1| 8. ISA «• 1»<>^ 7. 17Srh »• I^Vtt 

2. ii 4. 276^ 6. lOOiti 8. 451|i 10. 77^ 



TO BEDUCB FRACTIONS TO ▲ COMMON DENOMINATOB. 

39. It has been shown (37) that numbers, whether whole 
or fractional, cannot be added together, without being reduced 
to the same denom* or kind. 

We must, therefore, show how to reduce fractions to a 
common den' ; and then they will be of the same denomi- 
nation. 

V. 3 5 7 9^ 
i' 6' 8' 10* 

ISTow, in order that the fractions, when reduced, may still 
consist of as small numbers as possible, we shall always find 
their least common den'. 

Also, since we can alter the form of fractions only by 
multiplying or dividing both num' and den', we must there- 
fore multiply these present den", each one by some number, 
so that they all shall be changed into the new den' ; and for 
this purpose the new den' must be divisible by all these 
den", and therefore must be their l. c. m. 
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Working according to (12) we find the l. a x. of 4, 6, 8, 
10, to be 120. We now choose such multipliers as shall 
make 4, 6, 8, 10, become 120: these will be found by 
dividing 120 by the 4, 6, 8, 10 ; and are 30, 20, 15, 12. 

Now, we know (31) that if we multiply the den' of a fi* 
by any number, we must also multiply the num' by the same 
number, or else the ^^ will be altered in value. We there- 
fore work thus : 

8_ 8x30 _ 90^ 
4 ■" 4x30 "120 
5= 6xJ0 _100 

6 6 x 20 "* 120 

7 7xl5_ 105 

8 ~ 8x15"" 120 

9 _ 9x12 _108 
10^*10x12 120 

and these fractiona may be thug written, — ^ jr ^ ' . showing at 

once that they have the same den'. 

40. In working sums of this kind, we should have to 
write down the process of finding the l. c. M. of all the den", 
unless we could see it by inspection, which cannot be often 
done, when the numbers are large. 

If it can be done, we must then merely w^te as the first 
line of the work L. c. M. ^ 120, or any number that it may 
chance to be. 

£ZS. Si Reduce to their least common denominator 
!• tI> t> if ih TT 4« f> if T> h t 7. A* tf» ttt* 4i» ri 

2. f,A,T?r,A.A 6. *,$,|,«.^ 8. }|.A>ii>« 

^» YVf To"* IT' Ts "• t> TIT* TSt Tot VX> 9. •f-j> ^^, -j^, yyy 



TO ADD TOGETHER ANT NUMBEB OF FRA.CTI0K& 

41. These may be all proper fractions, or some of them 
may be proper, some improper, and some mixed numbers. 



We have already seen that in oider to add fractibna 
together, we must reduce them to a com. den'. Now, tjiis 
has been done in the last two Art* ; and therefore we have 
only to conclude the operation in the last Ex. by performing 
the operation of adding the fractions so prepared. Now we 
observe, that whatever number of quantities of any kind are 
to be added together, the kind or denomination is not thereby 
changed : thus, 7 months added to 5 months would be 12 
months; so, ^-ttoel/ths + S-twel/lhs = 7 -twelfths, which, ex- 
pressed in figures, gives A + A = tt i hence it is plain that 
we have only to add the num" together, and retain the sams 
den' ; therefore, so doing in the last Ex., we have 

r^u tnM 90+100+105+108 403 
sum of the fr": — =_ 

= 3^ by (36). 
If the proper fi* ^^ had not been in its lowest terms, it 
must have been reduced to that state before the sum could 
be called complete, 

42. If some of the &" to be added together be mixed 
nimxbers, we must first add the frac^ parts precisely as above ; 
and to this sum then add the amount of the whole numbers. 
Thus, if the Ex. which we have just worked had been as 
follows, 3J + f + 6| + 15^ (where the insertion of the whole 
numbers 3, 6, and 15, is the only alteration), we should then 
have, as before^ 

sum of the fractional parts = 3^ ; 
therefore, adding in the whole numbers, we have the whole 
sum = 3 + 6 + 15 + 3^ = 27^. 

We will now work a second example completely. 

Find the sum of 5J+ If +^+ 4|+ i. 

3, 4, 7, 6, 8, 

7, 3x3, 2x2x2, 
L.o.M. = 7x 3x8=21x8=168. 
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2 2x56 112 

8 "axce *i68 

8 8x42 126 
i"4x42" 168 

4 _ 4x24 96 
7 " ?x24 * 168 

5 ^ gx28 140 

6 * 6 X 28 " 168 

7 7 X 21 147 



therefore! torn of frac^ partes 



8*" 8x21 168 

112+126+96+140+147 



168 
^ =8HJ=»t* [in lowest terms] 



168 
and whole 8ums:ff+l+4+8i|='13|f. 

Obs. If there be any improper fractions in the proposed 
example, they may be reduced to mixed numbers before we 
begin to reduce to L. a D. ; or, if they are not very lai^e, we 
may proceed with them as with the proper fractions. 

EXS. 9. Find the value of 

1. t+*+A+« S. 10{+lA+A+4« 

2. {+*+H+if 6. 17+lA+f+13i| 

3. f+t+H+f*+» 7. 5A+af+j4+i7A+iA 

4. *+«+*+*• e- 7A+8A+9A-«^i<^V 



SUBTEACTIOK 

43. The examples under this head will be of different 
kinds. 

1st When there are two fr"*, both proper, as ^ - }, L 

2nd. When there are two fr", one or both of which are 
mixed numbers, as 7} - 3|, n. ; 81 - 2^, m. ; 8 - 2f , iv. 

If there be any examples containing improper fr^*, such 
examples may either be worked as i. ; or, by reducing the 
improper fr" to mixed numbers, we bring them imder n.^ iii., 
or IV. 
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The difference between n., m., and iv. C(»i8i8t8 in this, 
that 

in n. the fonner frac' part } is > the latter f ; 
innL„ „ „ *is< „ f; (A) 

in lY. „ ,, ;, is 0, and .*. < f. 

44. Under the head of Subtraction will also come ex- 
amples in which there are more than two fractions; and 
wherein we have to find the difference between the sum of 
one set of fractions, and the sum of another set, as in the 

following 

Ex. 5f + 4|-i + 3J-7f; 

wherein the signs + and — show that I am to take both i 

and 7f, that is, the sum of \ and 7^, from the sum of 

6 J + 4| + 3f . 

Def. If any numbers, either whole or frac*, are joined 

together by one or more of the signs +, -, &c., the whole set 

of numbers thus connected is often termed an eoepression. 

45. Just as it has been shown that fractions cannot be 
added together until they are reduced to a a D., so it will 
appear that one fr^ cannot be subtracted from another till 
the two fr^ are reduced to a c. D. Thus, if I had to take 
3 pence from 1 shilling, I must bring the Is, to pence, and 
then take 3(f. from 12c?., obtaining a rem' 9d, 

3 1 
Taking, thes, Ex. i. rrr— - , we may Bee, by vn^ection,ih9,t L.O.D. = 20; 

therefore -^j^^^^-; ^ = ^3^ = 25; 

and l^l^^nl^l. (B) 

10 4 20 20 ^^ 

When the l. c. d. is not large, say under 150, a pupil 
will, with a little experience, soon be able at once to write 
down the line (B), without working the two previous opera- 
idons on paper. 
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46. It was said in lme(A)f <f ; abeginner cannot see 
this at once ; but lie may do so very readily — ^thus : we 
already know that no two quantities can be compared, to see 
which is the larger, unless they be of the same kind ; so, two 
fr^ cannot be compared unless reduced to a a i>. Any c d. 
will, however, do for the purpose of merely telling which of 
the two fc^ is the larger ; now the product of the two den" 
is always one a d., but not always the least; therefore since 
35 is a c. D. of f and ^, 

2 8 2x7-5x3 14-15 



6 7 5x7 ii5 



(Q 



and ainoe 14<15. therefore ^<rz, or ~ < = • 

oD oo 7 

Now this result may be very rapidly obtained without 

any work on paper ; for if we observe line (0), we notice 

that the numbers 14 and 15, which numbers alone I wish to 

compare, are found by multiplying the num' of the 1st fr° by 

the den' of the 2nd, and the den' of the 1st by the num' of 

the 2nd. Thus, beginning with the num' of the Ist, I say, 

mentally y 2 x 7= 14 : and again, 3 x 5 = 15 ; therefore, since 

the first product is less than the second, so also the first &" is 

less than the second. 

Taking one or two more Exs. of this process — 

3 2 

1, To compare = and ^ : I say, 3x9 = 27; 7 x 2 = 14 ; 

therefore the former fr" is the larger. 

3 7 

2. -To compare g and j^ : I say, 3x12 = 36; 8x7 = 56; 

therefore the latter fr" is the larger. 

It will be noticed that the c. n. to which we have jtfst 
now mentally reduced f and ^ is 96 ; but when we come 
to the actual mb% we shall not use this c. d., but the L. a D. 24 
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25 



47. In Ezs. n., ni., it., we may bting the mixed num- 
bers into improper fractions, and work them as in Ex. i. ; 
but since, when the numbers are large^ the work becomes 
heavy, it is better generally to employ the same process that 
we use in Comp' Sub*. Take as patterns the three following : 



A 


B 





«. d 


f. dL 


9, d. 


18 9 


18 2 


18 


15 8 


15 5 


15 5 



8 6 



2 9 



2 7 



Now, in these Exs. it will be seen, that where the number 
of pence i^ the upper line exceeds that in the lower line, as . 
in (a), we can at once subtract the 3dL from the 9dL, and the 
158. from the 18^.; giving a complete rem' 3«. 6cL So in 
Ex. XL, 7} - 3}, since } > f , therefore I can take the } from 

the f , and the S from the 7. 

3 2 

The difference of the frac' parts = j* g » (when reduced 

to £b a B.) - = ^ ; and diflP* of the whole numbers 

=^7*3 = 4; therefore, difference of the complete fractions 

= 4 + 3ife. 

The following Ex. is written M it should be worked. 

Fmd the value of 9f — 5^. 

L.aD. = 40. 
. S_l 15-8 _ 7 
•''8 5* 40 ^40* 
And 9-5^4. 

.•.9|-5i»4A. . 

48. But in (b) and (c) the number of pence in the 
lower line is larger than in the upper, and in both oases I 
must borrow Is. or 12d. from the 18«. in the upper line, and 
o. A. 3 
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add ihiB 12d to the peni^ in ike upper line, if iiiere be any; 
and when I have sab^ tiie ML from the 14dL in (b), leaviDg 
rem' 9dL, and firom 13dL in (c), leaving xem' 7dL, I sobtract 
I5s. fiom 17«.y (not 18v., because I have jtKt boircrwed Is. 
from the 18&) and in both cases I have a rem' 2^.^ therefore 
the whole rem' in (b) is 28. 9d., and in (c) is 2«. 7d 

I now apply this process to Exs. m. and rv., viz. 8f ~ 2f> 
iil; and 8 - 2^^ iv. As, then^ in the Comp' SuV I borrowed 
Is. from the higher den*^ ISs., and added it to the penoe in 
the upper row, if there were any, so I borrow 1 from the 8, 
and add it to the former fr*, if there be any; ^ns in lo. I 
add the 1 to the f , and then subtracting ?| I say-^ 

-2 8 7 8 _ 49-15 84 

then^ taking the 8 as 7, 1 have 7 -«> 2 « 5; there&r^ oom- 
bining the results of the two subtractian% I have 

ef«2f^6+H«5», 
I^ however, it is desired to have the result in the form of 
an improper fraction^ as will be found most convenient in. 
Exs. whiich involve MultF^, we may bring the two quantitieB 
to improper fractions, as mentioned in (47); thus 

42 17_ 2&4-8g 209 
^""^- ^ 7 "" 36 " 36 • 

The following Ex. is written as it should be worked* 
Find the value of 17i-llf . 

g<-.-. borrowing l,Ihavelg-^=^^^g = -:^«g = j. 

And 16-11=5. 
,-. 174--'lU»6f 

49. In Ex. XV/, 8 -2f, I borrow 1 from the 8, but as I 
have no fbimer fr^ to whioh I may add this 1, as in Ex. QX, 
liierefore subti'aelang the second fr* f from the 1» I have 
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1 - y = (when red* to L. a D.) y -y =-=- =y; (D) 

and taking 7 instead of 8, as belong I have 7-2 = 5; 
thereforOi I should work as follows-^ 

- 5 7 6 2 * 
^"7*7""7*?* 

And 7-2=5. ' 
.-. 8-2f =6f. 

50. In the line (D) I may observe that when the 
number 1 is expressed a^ a fr", its num' is made the same as 
the den' o£the &* which I have to subtract: thus, 7 is the 
new num', and is also the den' of the original fif j whether, 
therefore^ I subtract the smaller num' firom the new num' 
or from the den' of the smaller fif I obtain the same result, 
viz. a rem' 2; and I might say at once l->f s:f, where 
the 2 has been found by subtracting the num' 5 from its own 
den' 7. Woiidng thus^ I should have written the whole 
Ex. as follows: 

8-2f=(7-2)+a-«=5f, 

only that in common use I should not write the figures 
enclosed in the two parentheses. 

51. Lasliy : whmi there are morethan twofiraciions, as in 
JEX.V. 5f + 4|-i + 3*-7f. 

Here, omitting for the present the whole numbers, I have 
to subtract the sum of i and ^ from the sum of } + 1 + f . 
Since the two fr" to be subtracted are together less than the 
three from which I have to subtract them, no difficulty will 
occur, and I proceed as in an Ex. in Addition, taking care 
to arrange the fr" to be subtracted last : 



2 8 (J_l_8 
9'*"8'*'3 2 7' 



2^2 
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9, 8, 6, 2, 7. 
8x8, 2x2x2, 2x8, 7. 
ifcCD. =s 9x 8x7 = 72x 7 = 604. 

3^|2i|«="| Bee Art. W. 

9 9 X 56 6U4 ^ ' 

8^ 8x63 _189 
8"" 8x63 ^604 

5 5x84 420 
(B "* 6 X 84 " 604 

1 1x262 ^262 

2""2x262*604 

8 8x72 216 
7* 7x72 ^604 
. ? ? 6 1 8 _ 112+ 189+ 420—252—216 
•'•9"''8"*'6 2 7^ 604 

^ 721-468 _ 258 
^ 604 ^ 604 
therefore, bringing in the whole numbers with their proper rigne, 

^^ '^604 

52. We will take one more example of this kind. 

Ex-VL 3t-4i + 7f-}. 

Now here ^ + f are > t + ^; but since this cannot be seen by 
^lere mspecHan, I proceed as in Ex. v., as though I did not 
know thisy and provide for the difficulty at the proper time. 
Placing the fr"* to be subtracted lasti, I have 

4 2 1_3 

6"**7""2 '4 

6, 7, 2, 4, 

L. 0. D. s 6 X 7 X 4 s 140. 

4_ 4x28 _112 
6 6x28^140 

2_ 2x20 _ 40 
7'".7x20"*f40 



the whole expressions 6+ 4+ 8—7+ rrj 
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l_ lx70 _ 70 
2""2x70'"U0 

8 8 X 35 105 



4 4 X 35 140 

^, . 4.2 1 8 112+40-70--105 
therefore -+ -i 

6 7 2 4 140 

152-175 



(E) 



140 

Since, then, 175 > 152, it now appears that I ought to 
have borrowed 1 ; but rather than begin the work again, I 
proceed thus : from the Hi ^n line (E) I take as much of 
the H^ ^ ^ <:<^ "viz* xll> ^^^ there will remain ^, which 
cannot be subtracted, and before which I place the sign (— ), 
to shew that it has yet to be subtracted; but if I now borrow 
1, 1 can subtract this ^ from the 1, and remember to count 
the first ( + ) whole number in Ex. yl (L e, the 3) as one 
less than it now stands. The whol& opei^tion may be thus 
writteuj recommencing with the line before (E) : 

:4 2 1 8 _ 112+ 40-70-105 
6 7 2 4 140 ' 

_ 152-175 ^-28 
140 "■ 140' 

Th^eforebonowing.ftel. l-ifo = iS-S = nU' 

and writing 2 for 3 in Ex. vi., and inserting the whole numbers with 
their proper signB, 

117 117 

the whole expression =2+7—4+ zttk ==9—4 + ttt: 

14U 140 

EZS. 10. Exhibit in one term eacli of the following expres^ns : 



1. 


f-* 


7. 


6|-4^ 


13. 


88-27H 


2. 


H-A 


8. 


.i7A~nA 


14. 


3» + H-7i 


3. 


«-A 


9. 


8i-4| 


15. 


m-ra+i 


4. 


H~tt 


10. 


n-m 


16. 


74+4f-A+8^^-6H 


5. 


tt-H 


11. 


8-3J 


17. 


8*-6f-*+ 161-3^ 


6. 


K-H 


12. 


v-i 


18. 


i8i-i^+4A-*-A 
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MTTLTIPIICATION. 

53. We will show, as we proceed, that the operation of 
multiplication in fractions may be expressed in two -ways, 
and that the word of and tiie sign ( x ) placed between £r^, 
have the same meaning: thus, we have to prove that 

^ of 7 of 3| and 7 ^ o ^ ^i ^^^ ^0 same value. (F) 

The pupil must here clearly call to mind the method of 
multiplying and <fividing fractions by whole numbers. (31) 

5 % 

I will first begin with a pair of fractions, ^7^0* 

It has been proved that f means cm4}Ard of 2; therefore 
I have now to multiply f by one-third of 2 : hence the pro- 
duct ou^t to be one-third of the product found by multi- 
plying by 2 alone : t^ 6i if I multiply by 2, and then take 
one-third of that product, I shall obtain the correct result. 

Multifdyiiig = by 2, 1 have b x 2= -y- ; 

and since to take one-third of any quantify is to divide it by 
3, I divide this last ii^ by 3, and have 

7 3 7 7x3 ^ ' 

Commencing now with the expression f of | : we know 
that f means 5 times one-seventh; therefore, if I have to 
take five-sevenths of any quantity, I first take o?ie-seventh 
of it> and then multiply the quot* so obtained, by 6 : t. e. to 
take f of f, I must divide the % by 7, and multiply it by 5 : 
hence, according to our rules of mult** and div" of fractions 
by whole numbers, I multiply the den' of the f by 7, and 
the ntim' by 5, and have 

6 .2 5x2 ,-_^ 
7"^r7^3- ^ 
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Coivparing (O) md (H)^ I new peroeiYe that 

5 .2 5 2 

54. The foUo^idng explAnaUon may, pethapa^ be inteUigible to some 
pi^Ua; 

In mnltiplying » quantity, whether whole or fractional, by a whole 
nmuber, I repeat that quantity as many times as there are units in the 
multSplier ! 

noSjt 7x^ or 7 times 5» Beans that I am t» cereal the 5 at many 
times as there are units in 7 ; 

So, 7 X ^ shows that I am to repeat ^ as often as there are units in 7 ; 

Also, 1 xif shows that I am to repeat ^ at often as there are units in 
1, i. e. 1 time, or onoe: 

Tiierefore, f x | ought to meanj that I am to repeat ( as often as 
there are umts in %, 

KoW| i does not eontain 1 uiiiti<^it only centains ) of 1 uait ; there- 
fore, t x^ is 4 repeated I; of onco^ f. e. its) of onoe {« or )■ of | ; and 
this is the required resulj^ at in last article. 

55. I!cam wliat luusi been Bbo wn in ($3)^ ve mi^ dee tliat 



smce 



fnd 



?« 


.2. 


6x2 
■?x3~ 


10 


2,6^2x5^ 


10 
■21- 


«x?- 
7 8 


-?x5. 

8 7' 


1 



therefore 

and since tte sign ( x ) and the word of between fr*" have 
been! shown to haYe the same meaning, we see that 



5 .2 



2 .6 
gof^. 



5^ Proceeding iriih the ezpresdion (F) in (53), and 
changing Si into an imp' fic^, we have 

5x2 18 

and since ^ — ^ is one f r", and -^ another fr", I may use the 
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method of mtdtiplyiDg, irhich has been shown to be true . 

for two fittctions; 

., . 5 .2 -^, 6x2x18 _ 

therefore^of-af8|=y3j^^3^: (I) 

' and if the expression in (F) had consisted of four fi^ con- 
nected by (>/* or ( X ), the first three might have been reduced 
to one fr"y as in (IX and we should then have had but ttoo 
fr", which we have just shown how to reduce to one. There- 
fore the results proved in lines (F), (G), (H), (I), are tarue^ I 
whatever number of fr** may be contained in any compound 
fraction. 

57. To return to (I). It has been proved that if a 
num' and den' have any common measure, both of them 
may be divided by tills common measure; therefore if in the 
right-hand side of equation (I), we find any factors common 
to both num' and den', these should be struck out before we 
complete the multiplication. 

We see in this case that there is a fkctor 5 in the num' 
and den'; also, that 18 in the num' and 3 in the den' have 
a common divisor 3 : dividing by these common fia«ctorS| 

1 6 

the expression stands thus, 7 ^ S x S * 

1 1 
The remaining factors in the num' are 1, 2, 6; and in 

2x6 12 
the den' ace 7, 1| 1; these form a fraction — =-- = -=- = If. 

This process of striking out figustors from num' and den' is 
called ccmcellmgy and is to be continued as long as any &ctors 
can be found common to both num' and den'. When the 
numbers are large, this cancelling cannot be readily per- 
formed, except by those who have had some experience. 
OfiS. A &ctor 1 left in a num' or den' will not alter 
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the Yalue of the other factors which remain, when we multi- 
ply together all those iq.' the nnm', and all those in the den'; 
and hence the figures 1 need not be written, as in the aboye 
Ex.; but it must be noticed, that if no other &ctors remain, 
the value of the num' or den' will consist of the product of 
as many figures 1 as there were factors in the num' or den' 
before cancelling; t. e. it will be & 1. If, therefore, all the 
factors in any num' or den' have been cancelled, the num' or 
den' of the fraction after cancelling will be 1. But when 
this occurs in the den', it need not be expressed, but the 
result written as a whole number. 

T T 

Ex. II. 8fx85xtt=^><4rxH. 

^ ^ ^\ 

7x7x17 888 ^, 

= — J— "r ^^ 

e208i. 
Here 42 and 24 had a o. H. 6, aad 5 and 85 had a o. x. 5, 

838 

The fr" -7" ^ ^^ 0^) ^^U 1>« hi its lowest terms, if all the factors 

common to num' and den' have been cancelled at the proper time. 
Ex. m. I of 7} of A of f = I ^ ^ ^ A ^ |- 

2 
Here there are no factors to be seen in the nmn' ; hat we mnst re- 
member that in reality there have been 4 divisions of the num' by the 
factors 7, 15, 4, and 2 ; and therefore 4 quot**, which in this case are 
each=l ; therefore the real num'=l x 1 x 1 x 1, or 1 ; so the quot*' in 
the den' are 2, 1, 1, 1, and their product =2; therefore the reduced 
fraction has 1 as num' and 2 as den', t. e, it is |-. 

EZS. 11. Find the value of 

1. ixfofl 6. 2f ofl4of5iof7t 

2. Hx^x2tofH 6. ioffofiof4i 

8. 8fof5*ofH- 7. (34x5ix4)-(JofA) 

4. lOfxttofHofU 8. l-(Aoffofi|) 

2^5 
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DIVISIOK. 

58. The operation <^ Division may be expressed in two 
ways; 

11 

Thus: j2 + 5» andy 

9 

have t&e same meaning, both being read {} divired by f . 

We have now to inquire how to perform this divioldn. 

We know by (31) that 5 =r 9 x f « 9 times f, or that 5 
is 9 times as large as {. I^ now, I divide H hj 5 (when 
my object was to divide by f ), I shall be dividing by a 
quantity 9 times too large, and therefore my quotient will 
be 9 times too small; to obtain, then, the trtie quotient, I 
must multiply the first quot* by 9 ; Le, the correct quot* is 
found by performing two operations-^firat, by dividing by 
5, and seoondly, by multiplying by 9; and performing these 
two operations at one step, we have 

12 '9^12 I' 

and by comparing the two sides of this equation, we see 
that the divisor i has been inverted into f, and and the (-^) 
has been changed into (x), or the div° changed into multi- 
plication. 

If mixed or whole numbers are found in any expression 
which is to be simplified, we must, of course, reduce to imp^ 
fr"", and invert the divisor, as before. Thus 





9 












9 

14| 


1 

'117' 

8 


-h 


8 
117 


■i« 


. 8 
UX" 

18 


8 
'l3- 



50. Hm folbviiigit a mort wmpiktMi Ear. fain>lySxig bolh Mult" 
and Divinon. 

Bedooe to the aimplBtfi f orm ^ of ^ . 

Of Of 

Hera 1^ redooe mixed amnbere to imp* fr^— cbange qf into ( x ), and 
inydrt the divSeon, M was sliown in the last art ; and theui making two 
atepe in the operation^ 

88 77 

5 12 S8 • ^ 77 6 ^ . 

theerpreMion^^x — = -x^x^x— - (L) 

9 6 

19 

__ 19x9 ^171 
"6x^3 26fi* 

In working such Exe. I should not write down both (L) and (M), but 
perform the cancelling on the Hne (L), which would then become (M) : 
but a pupil would have been confused at first^ if he had not seen both 
lines written m ftifl. 



r^'^'^S^'fa <^ 



EXS. 12, Find the value of 



1. 


«-5-» 


"■ '? 


2. 


A-f 


9 


3. 


9^4 




4. 


18|+f 


*• 17A 



'• 4°^l ^- -2+3+1 



1 1 
•^7 



18 1 * 

^* a ^^ Vk "2"174 10. T-TTTT 
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SIMPLIFICATION OF FRACTIONS. 

60. Under this head is classed a variety of expressions 
intended to exemplify the operations previously illustrated; 
and the working of the examples under it depends entirely 
upon a correct and ready use of the methods of performing 
Addition^ Subtraction, &c., as already explained. There is 
no dijBiculty in any of them, so long as a pupil will pay close 
attention to the si^^; but I will point out one or two Exs. 
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wheran lie is liable to err^ though erery mch ertxir joxist 
arise entirelj from want of proper observation. 

Ex.4Aof7A + 2Jofll. 

In working this^ a pupil must take care that he reduces 
the whole expression on each side of the ( + ) to the simplest 
form, before he begins to perform the operation of Add*", 
which that sign { + ) Hda him perform. The same caution 
would be necessary if there had been (-) instead of ( +) in 
the above example. 

I wiU work this Ex. as it ought to be written ; and leave a lai^ space 
on each side of the {+), so that I may nm no risk of connecting the two 
parts moorrectly. 

4Aof7A + 2iofll 

XS 117 ^ 5 11 
11 3^^ ^ 2 1 

851 ^65 r - «nn 

TT ■*■ "2 [l..0.D.=22] 

702 + 605 1307 _^_. 
** 22 " 22 ~^^* 

-WT, «. i.i8_ 8iof4 2Aof|4 

Ex.n. Smphfy^^^^^. 

Now, the whole of the &" to the right of the sign (-r) is a divisor of 
the ft*' to the left of the sign ; therefore this right-hand fr* must be in 
vertedi and the sign (-f-) changed to ( x ) : the expression will then be 

3_on ^ S^ofTf . 
2Sof3i 2AofH' 

and this, by changing of into x , and the mixed numbers into imp* ft^, 
becomes 

7^5 28 ^ 54 

17 10^24 11' 
6 8 11 ^ 12 

and lastly,— inverting the fr^in the lower line, because they are divisors, 
and connecting all the fr™ with mult'' signsj I have 



.^ ^. . 7 6 6 8 28 54 11 ^ 12 -.^ 

theeniareexpree8ion= jx-x jyx— x~xy x^x jj (N) 

7 8 
-Sxlx-^x-l-xMxiixilx"* 

— 8x8x7x3 _ 189 _tys» 
^ 4x17 ~ 68 "* ^* 

In working Bach Exs. I should omit line (N) for th^ reason given 
in (59). 

I subjoin an Ex., wherein the whole quantity endosed in () paren- 
theses, or brackets, as they are called, must be reduced to as simple a 
form as possible, before the ( x ) or (^) joining the expressions in brackets 
can be made use of. 

Thus; if I have to simplify ({— A)x(2i+3|), I shall first reduce 
f — ^ to the simplest form ; then 2^+3^^ must be reduced in like manner, 
and these two results must then be multiplied together, because the sign 
( X ) is placed between the brackets* The whole work will stand thus ; 

7 8 85-12 23 



8 10 40 40 



!• (since L.O.D.S 40) 



JO. .•! n^28 99+112 211 „ 
and2t+8t«^+^==~3^ = -5^ H. 



Therefore, multiplying L and U., I have 

2U 
36 

4853 






1440 



EZ8. 13. Bedoce to the amplest forms 

r. AofH-fi Aof(H-f); A-CHofl) 
n. iofK|ofl7J; *+ (i of 7i)-i-A J (A-+f of 7i)4-A 

■fr i-y "» TT 



* A papil will nof necessarily perform the canGelling in exactly the lame order «a 
tban ; but the result will be the same. 
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EEDTJCnON OF VRACnOSB. 
Def. Any quantitj involTing money, weight, ^,- 
4 skillingSy 5 pence, }o&y is called a eonorete quantdly ; and 
* any number not involidng any such denomination^^ — as 6, 
8, iy is called an dbstraei number. 

61. It is here intended to etpress in positiYe terms sach 
quantities aa f «., H ^^ ^0'* M. &o.; i ^ to express concrete 
quantities, being £rac' parts of any given den*", in terms of 
lower den"*. 

Thm^ |#. must be expressed in t^nas of pence, and fou^ 
parts of a penny; H of 10«. 6d in terms of shillings, penee^ 
and frac* parts of Id 

So, also^ lAr c^ c^ ^^ would be espressed in cwt&, qra, 
Iba, oz., dn., and frac^ parts of .a dram. 

It may happen that the proposed f^ can be expressed in 
an exact number of units of some one of the lower den"**; 
then, of coarse, there, will be no frac' part of the last named 
den". 

62* I will n(Jw show how to perform the operation 
intended in the last article. 

It has been seen (21) that f^. means either on^-eighth of 
5 shillings, or^e-eighths of one shilling. We may, there- 
fore, use either of these two methods : — divide the 58, by 8, 
as in Comp' Short Division, and the process will be thus — 

8; 5 
7id. 



or, treating the fr" as f of la., we may change of into ( x ), 
reduce the Is. to pence, and proceed thu8«- 

8 

6 -- fi'<12, 6x\^j 15- ^,, 



a 



This latter method seems more suitable to an Ex. which 
professes to belong to fi^, and is the one which I recom- 
mendy nnless the den' of the proposed fir" be very large, so 
as to make the division to be performed rather difficult: in 
that case, to work by Comp^ Long Div" is preferable, as being 
more likely to be correct. I will take such an Ex. and work 
it through by both methodst 

17 
Express in positiye terms ^ of a ton. 

Working fractionally, we have 

10 

^ of 1 ton=: lZ||5cwts.« ?^owts.«18A cwte- 

18 

I now take the firag* part of the owts., viz. A of 1 cwt, 
and express it in the next lower den", viz. quarters, and so 
proceed, till either there be no fitted pari left> or till I come 
to the last den* in Avoirdupois weight. 

n of 1 «wi m -~ qzs. ae ^ qrt. («. c qrs. is tbe fins! quotient.) 

^of 1 qr. =a -^Ihs. = — Ibs.^SAlbs. 

8 -, ,, 8x16 128 -,-- 

jg of 1 lb. « -13-oa. « — oz. =9Ho«. 

11 ,, 11x16, 170, -0-, 

— of 1 oz. = - -Q drg.=s --— drs.=13A^» 
13 <Lo xo 

therefore, i;oflton=18 8 9 ISA- 

Secondly, take ^ oip 17 tons ; i. e. divide 17 tons by 26. 



17 
20 

26; 840 (,13 cwt. 
26_ 

80 

78 

1ft 



40 mAcnoHBi 



2 

4 



26> 8 (OqTB* 
28 

26 i 224 [fiVbB^ 
208 

1(5 
16 



26; 256 (9 OS. 
284 

22 
16 

26 J 352 ^13^ dxi. 
26 

92 
78 

26*13 
tHerefow, m before, ^ ton8=^ ^ ? 9 it^. 

63. When Ezs. under this Case involye money, it is well 
to carry the reduction no &rther than pence and frac' parts 
of a penny: for, since &rthings are themselves written as 
frao^ parts of a penny, therefore if we carry the reduction to 
frac^ parts of a farthiDg, the answer will appear somewhat 
complicated. I will work an Ex. which will illustrate thi& 

Express in positire terms — *. 

151 151 X X!^ ^ 151, .,^_ 

2io'- * "^Xq -zo'^'^^i^ <^> 

11 , llx^ . 11 . _ . 

6 

therefore ^«.«7fi.i/. (P) 

If I compare 7^. in (0) and 7^^. ^f. in (P), I see that 
the former fr" inyolves less labour, and conveys to a person 
acquainted with fr^ the idea of the real value of the 
expression, at least as well as the other. 
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64. When a unit of any den" can be divided exactly by 
any nnmber, as 4, 5, 6, ice, such fourthcfi fifths, sixths d^c, 
are called cUiqibot parts of that unit* 

Thus, since £1 or 20«. when divided by 3, i, 6, 6, S, 10, 
12, gives quotients involving an exact number of shillings 
and pence; therefore thirds, fourths, fifths, &o,f of £1 are 
called aliquot parts of £1. 



For example 






1 


i£=4*. 






|£«8t. 


j£=l<ta. 


i£=2«. ed. 




|£«12#. 6d. 


o 


i£=6*. 8dr. 




|£=18*.4(r. 




So alsOj -r «. s 
o 


« 

• lid. 


|*.=7id. 


|*.=10ic2. 



And since lib. ayoirdupois, or 16 oz., can be divided exactly by 2$ 4, 
8 ; therefore halves, fourths, and eighths of lib. can be at once expressed 
in oz. 

3 7 

Thus,-lb.=6oi -lb. = 14oz, 

o o 

and if the valae of one or more of these aliquot parts of the denominations 
in common use be remembered, the operations performed in this Case will 
often be much shortened, 

8 

ExSi 14. Express in positive tenns 
I. foflO».; iof27«.; * of A of 19». 6d. 
n. T^oflton; ^ofacub. ft. ; ^ of a quarter of com. 

m. Si of i of a hhd. of wine ; A o^ 1 "^^^ i A of 865 J days. 

1 

IV. f of^ofaFr. ell; ^ of A of «i of a square mile. 

V. Aofasq.yd.; 2i of ^ of a lb.(Apoth.) 
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RATTO AND PROPORTION. 

6& Tlie next operation in Fractions wiU oootiBt of the 
expression of one quantity in terms o^ or as a finae* part o( 
another <^ like natore But before prooee<Mng ta attempt 
tiiis operation, it wiU be advisaMe to disouss one of the 
most in^rtant relations in Bomber^ without which a pupil 
cannot understand the principle upon which such Ezs. will 
be worked This relation is termed Ratio. 

And as this consideration of Ratio leads to the doctrine 
of Pbopobtion, I baye thought it well to continue the 
subject in one unbroken thread, and then refer to this 
explanation, when I come to the treatment of questions 
involving Proportion and its applications. 

66. When two quantities are placed before us—^ui, for 
instance, the lines A, R->and we wish to compare their 
magnitude, we perceive that there is a certain 
relation between them, which we familiarly caU 
the comparative size of them; and this comparison 
or relation is measured hy seeing how ofben the 
one quantity contains the other. 

Now, to see how ofben one quan^ contains the other — ^as, 
for example, how often 36 contains 5 — we divide the former 
by the latter, L e. the 36 by the 5, and the quotient is ^; 
therefore, to see how often the Kne A contains the line B, I 
divide A by B i i. e. the relation of A to B is expressed by 

the fi* ^ . 

This relation is called the ratio of A' to B, and is thus 

expressed, A : B. 

A 
If A>B, the ft* expressing the ratio of A to B, ». e. ^, 

will be an improper fr" greater than 1 ; 



B 



A 

If A = B, the fr" will become -t- , or miity ; 

A 
If A < B, the fi* will become =^ > * proper ft*. 

Also, when the ft^ ^ is greater than 1, the ratio of A to 

S is called a ratio of greater inequality, because A > B. 

A A 

When the ^ g ^ X ^ ^ i ^^ "^^ ^ called a ratio of 

equality; and when the ft" S ^ ^ proper ft^ the ratio is 
called a ratio ei t6$$ inequality, because A < B. 

67. If the nam' and den' of a ft* expressing ratio both 
consist of the same kind of condrete quaAthies, the ratio 
bet^ff^een these quantities will be an abitraei number. 

Ek. If the liAes A and B r^resent 4 inches and 3 inches 

respectively, then A ; B = :s = 5-1— = ^ ; and if. 

Ho in* o 

instead of inches, these lines had represented 4 

B " ^eet and 3 feet, or 4 lb. and 3 lb., the ratio of A to 

B would still be f , and of B to A would be f • 

But if the num' and den' be of the same species 

- of concrete quantity, but not expressed in the 

same denomination, the ratio cannot be represents by aA 

abstract quantity, until they both be reduced to the same 

4 feet 4 4 

denomination. Thus, ^. — r— does not » ^ fee^ or g in.» or 

4 , ^ .^ 48 in. 48 16 , . ^ , 

jr, but it = ^ . • = -g- =» ■^, an abstract number. 
u «/ in« " o 

If quantities be not of the same nature^ there can be no 

4 feet 
ratio between them : thus ■= — ; — :— is no ratio at all, since 

' minutes 



44 FBACnOR& 

we cannot compare the magnitude of 4 feet and of 5 
minutea 

This addde mnst be especially noticed, as npon it ^will 
depend the mode of working the Exs. which have been 
alluded to in (65). 

68. We now see that any fraction, as {, has still a 
further meanings beside what was stated in (21), viz. the 
roHo <>f 2 to 5, or, as it is written, 2 : 5; and } may be called 
a ratio. 

If, then, two other quantities be taken, as 4 and 10, and 
it is found that i!^ « f, then we see Hiat the ratio of 4 to 10 
is equal to the ratio of 2 to 5, and this fact we express 
either thu8| 

4 : 10-2 :0, or4 :10 ::2 :5; 

the latter expression is thus read; 4istol0as2isto5. 

When, therefore, two ratiofif, as ^^ and f, are placed 
before us, and we learn that they are equal, we say that the 
quantities, 4, 10, 2, 5, are Proportionals. 

69. We may now define Proportion to consist in the 
equality of two ratios. Of the aboye-mentioned numbers 
4, 10, 2, 5; 4 and 5 are called the extreniea; 10 and 2 are 
called the meanSy because they are intermediate between the 
extremes. 

Also, when 4 .quantities are given, and we wish to 
ascertain whether they are proportionals or not, we must 
see if the fr° expressing the ratio of the 1st and 2nd = the 
fir" expressing the ratio of the 3rd and 4th. Thus, if I take 
the numbers 5, 6, 7, 8, and wish to try whether they are 
proportionals, I compare f , the ratio of the first pair, and |, 
the ratio of the second pair; and if these fi^ are proved 
imequa], the above 4 quantities are not proportionals. 
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KoWy it WBS shown in (50\ that to compare two frac* 
quantities we must bring them to some Com. Den'. Beducing 
-blie ix^ i and f to a o. n. 48, we have to compare 

5x8 J 6x7 

.^ and -j^ (Q) 

And since 7^ is not = ts^, therefore % is not = s, and 
40 48 o o 

^9 6, 7, 8, are not proportionals. 

70. It will be seen in line (Q) that the test as to whether 
or not the four proposed quantities be proportionals, consists 
in multipljdng, Ist^ the two extremes 5, 8, and 2ndl7, the 
two means 6, 7 : and if these products be equal, the four 
quantities are proportionals; if they be not equal, the four 
quantities are not proportionals. 

This operation may generally be performed mentally: 
thus, if I take 6, 8, 9, 16, I say 5 x 16 = 80, and 8 x 9 = 72; 
therefore these quantities are not proportionals. Again, if 
I take 4, 9, 5, 11^, since the product of the extremes, 4x11^ 
= 4 X ^ = 45, and the product of the means, 9 x 5 = 45 ; 
therefore these last four quantities are proportionals. (See 
Appendix, Art Katio.) 

71. Having now explained how to tell when four 
quantities are proportionals, we proceed to show how, when 
three numbers are given, we may find a fourth number, such 
that the other three and this fourth shall be proportionals; 
that is,- to solve the following question : 

If three numbers be given, as 5, 6, 10, what must be 
taken as a fourth number, such that the four, when taken in 
order, shall be proportionals? 

Now, as I do not know (or, at least, the learner does 
not know), the required number, let the letter N stand for 
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or repreBeot tbia nxmiber; aad I iiare now to icy tmd find 
what this HT must be. 

Since, then, 5, G, 10^ and N are reqiueed to be j^j^- 
tionalsy therefore wc must have the ratio between the first 
pair 5f 6, = that between the second pair 10, N; i. & 

6 N' ^^^ 

Multiplying both ddes by N, according to {2B), vre haTC 

— g— = -5- =s 10; next^ multiplying both sides by ^, N x 5 

= 10 X 6; lastly^ diTiding hj 5, aoeording to (29), we obtain 

Put 12~for N in (R), and we have g = To* '^^^^^ .^^ know 

to be true, and tiberefore 5, 6, 10, 12, are proportionals*. 

72. The result of this article must be most carefully 
noticed; for in observing (S) we learn that the required 4th 
number N was thus formed &om the three fi>rmer ones, 5, 6, 
10 : viz. that it is the value of this fi:*-— the product of the 

2nd and 3r^ terms, divided by the first; or it = -r-r x 3rd. 

73. By observing the successive steps whereby N was 
obtained, we learn that when two fractions are equal, a fiictor 
of one den', or the entire den', may be transferr^ into the 
opposite num', and conversely, the num', or any factor of i^ 
may be transferred into the opposite den', without disturbing 
the equality. Hence also, when two firaotions are equal. 



* Or/itow th* prodact of the axtreines N, 5 =^that of tb* neaoi 6^ 20; I hATe 
Nx8««;<10; .-.Na^^^.aBbetoWL 
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't^i^ ipriU be «qtial trlien InveriecL A qviok nm of tiiese 
X>x'ox>erties is very Bermmble in the solation of Al^braic 
lEquationa 

Bxs. 15. Find a fotirtli proportioiial to eftch of the foUowing sets 
of numbers :-^ 

X. 8,7,15; 4,1^11; 9, 8,f; 

m. 19, 18, 17 ; 17, 18, 19. 

74. We have shown thftt, in order ihat there may exist 
a ratio between two qnantitieSy they must be of ihe same 
kind; cdnce, then, there is to be a prc^ition among the 
three given quantities and the fourth, therefeie between 
the 1st and 2nd there must be a ratio, and an eq[ual ratio 
between the 3rd and 4th. Hence we see that the second 
pair must be of the same idnd; that is, the 4th quantity, 
when found, ought to be of the same kind as the 3rd. Now, 

if we observe the &^ -j-r x 3rd in the last article^ we notice, 

that since it is aiilowed Ihat the 2nd and Ist are alike in 

kind, therefore the -yz: ^^ ^ ^^ abfittract number (67); 

^d therefore Ae 4th, which = yj ^ ^^ - ^^ multiplied 

by some abstract number; i. e, it will hk the 3rd term 
repeated as many times as there are units in this number, 
and therefore will be of the same kind as that in which the 
third term was expressed 

Also, if the 2nd tertn be greater tiian the 1st, -^ will be 

a fi* > 1, and this multiplier of the 3rd term will be greater 
than 1, and the 4th term greater than tiie 3rd; but if the 

2nd term be less than the Ist^ then j-r will be a proper fr°, 
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and ihe nraltipilier len than 1, and the 4tih term leas tlian 
the 3rd. (See Appendix^ Art Proportion.) 

75. We may here notice a fena of ezpression that -we 
fioniliarlj use^ when we aaji that two quantities are pro- 
portional to one another; aa^ for instance^ that the amount 
of a servantV wages is proportional to the length of Ids 
serrioe. Here, apparraitly, two quantities of different kinds 
are compared, viz. money and time; but^ in reality, four 
quantities axe implied, viz. two periods of time, and trwo 
amounts of wages. For since one year and one yearns wages 
may be taken as fixed standards, by which we may measure 
other periods and other amounts; therefore I mentally 
compaxe any proposed length of service and the corresponding 
amount of wages with these fixed standards; and the original 
expression means tlus-^that there is the same ratio between 
any given length of service and one year, that there is 
between the amount of wages for that service and one year's 
wages; or, that these two periods of service and two amoimts 
of wages together form a proportion in this order, 

Given time : 1 year :: wages for that time : wages for 
1 year. 

If we wish to ascertain whether two quantities are what 
is here called proportional to one another, according to the 
common usage of the words, we may try if doubling the one 
quantity causes the other to be doubled; as for example, in 
this instance— will the wages be doubled, if the time of 
service be doubled) Since this is the case, therefore the 
wages and time are proportional in the sense explained 
abova 

The correct^ though not common mode of expressing 
this proportion, is to say, that the amount of wages variei as 
the length of the time of service. 
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76. But sometimes this proportion occurs in a different 
form; as, when a man bas a certain number of miles to 
walk in any time; then, if he quickens his rate of goings he 
can complete his task in less time. In this case it would 
be incorrect to say that the length of time was in proportion 
to the rate of walking; for, according to the test given 
above, I ask — if the rate be doubled, will the number of 
days he doubled? the answer. is, no: on the .conkary, it 
will be halved. There is here, then, evidently a proportion 
(taking the same word in the common usage,) but of a 
different kind, viz. that as one number is increased by 
midtiplication, the other is correspondingly diminished by 
division. 

As, in the first instance, it was said that the wages 
varied as the time, so, in this second example, the relation 
between the two quantities is correctly expressed by saying, 
that the number of days va/riea inversdy aa the rate of 
-^mUdng; or, as it is commonly Baid — in the first Ex., the 
wages were cftrec^^ proportional to the time; and in the 
second Ex., the number of days is inversely proportional to 
the rate. . 

Proportion has here been shown to involve 4 quantities; 
these need not^ however, be all different. Thus, if I find 
3 quantities, whereof the ratio between the 1st and 2nd =& 
that between the 2nd and 3rd, then the three quantities 
are said to be proportional : thus, 3, 6, 12 are proportionals, 

O ft 

because ^ = y^* or 3 : 6 = 6 : 12 (T) 

Also, to find this 3rd proper* 12, when the two former 

ones are given, we must, compare line (T) with an ordinary 

proportion containing 4 quan', and we shall see that 12, the 

required 3rd, is in the 4tli place, and the 2nd quan', 6, is 

c. A. 3 
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repeated in the 3rd place: henoei the usual equation 4th = 

^ X 3rd, will become 3rd = ^rzr ^ 2nd : and if 3 and 6 be 
Ist ' 1st ' 

the Ist and 2nd terms, we have 3rd = ^ x 6 = 12. 

Ezs. 16. 

Find a third proportional to each of the following pairs of numbers : — 
IV. 8, 12 ; 12, 18 ; 15, 16 ; 20, 15 ; 
V. hii 2i,t; 4of{, |of8. 



REDUCTION OP FRACTIONS. 

77. We are now able to perform the operation alluded 
to in (65) viz. to express one quantity in terms of another, 
or as a frac' part of another. This fr^ connectiDg the two 
quantities will show the ratio between them, and may be 
either proper or improper. 

For example, to express 9cL in terms of £1, is to see 
what ratio 9d, bears to £1. Hence, according to what has 
been explained concerning ratio, we say, 
9(;. in terms of £1 = 9ef. : £1. 

__ 9d, _ 9d. 9 3^^ 
"£1 ~240rf. '"240"80' 
and transferring the £1 from the den' of the left-hand fr* to 
the nimi' of the right-hand fr» by (73), I have 9 J. = & x £1, 
or ^ of £1. This residt may also be obtaraed as follows :— 

1 have to express pence in terms of J^l, 

Now, 240 pence sj61 ; therefore, taking ^th part of both sides — 

1 penny = — of ^ei; 
and multiplying by 9, 

»P«»oe= 240^^"^^' 
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and tnnsferring the £1 from the right-hand namerator to the left-hand 
denominator, we have, as before, 

9 pence __ 8 

lei 80 

It will be observed, that by this second method we have an indepen- 
dent proof, that the ratio between two concrete numbers of like kind, as 
pence, pounds, &c., is an abstract number. 

78. Either of the two methods just shown may be em- 
ployed ; but I prefer the former, because it more decidedly 
keeps the idea of ratio before the mind; and an Ex. so 
worked can be written out in a more condensed form than 
by the latter method. It will be noticed that the two 
concrete quantities are both to be reduced to some com^ 
den^^i in order that the ratio between them may be expressed: 
thus, in the last Ex., both were reduced to pence. 

Ex. n. Express 7«. 7id> in terms of 10«. 6(1. 

Here I exhibit both namerator and denominator in terms of pence ; 

and write 

188 61 

79. 7id. _ Qljd. 2___i§5__61 

84 



108. 


6d. 


l2Qd. " 


U{> 


*2lJ 


42 






71^. 


«1 V 


!^ 


61 




or,= 


"" 10J«, *" 


4 


21 ' 


84 



I might have reduced both numerator and denominator to half-pence, 
but a puful would not easily reduce 79, 7^(2. to half-pence mentally; 
whereas, by both the above methods, the whole work is fully shown. 

9d 3 
Beferring to Ex. I., we read— ^ = — ; and since, by (73), two equal 

fractions may be inyerted, without disturbing the equality; therefore 

£1 80 

--- =s -^ ; or, dianging the 9(2. to the right-hand numerator, 

jei= jX9d.;or=^of9d. 

Hence we see that in every Ex. where we have to express one quantity 
in terms of a second, we can express this second in terms of the first, by 
merely inverting the ratio which connected the first and second. Thus, 
in Ex. IL, 

3-^2 
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Binca 7#. 7id. = §5 of 10«. 6(1. ; 

84 
therefore lOt. 6d. = 77 of 7«. 7)<2. 

ox 

« 
79. Sometimes fractioiiB may be involved in both num' 

and den', as in 

Ex. m. Express If of 2a. Ir. in terms of 3 acres 2^ roods. 

Here, bringing both quantities into roods, and changing of into x , 

we hare 

1| of 2a. Ir. _ 1 X 9r. _ ^ X 9 
da. 2ir. Uir. " 29 

2 

a 

This should be left as an improper fraction, because I can then read 
off this desired result— that 

If of 2a. Ir. : 3a. 2}r.=63 : 58 ; 

or that the ratio of these two portions of land is that of 63 to 58. 

As in (64) it was shown to be advisable to be able to 
express aliquot parts of any den*^ in terms of lower den*^, so, 
with a little experience, a pupil will, by a reverse process, 
mentally work easy Exs. in this Case, so as at once to see^ 
that 5$, in terms oi£l=i; that Sa. Sd, : £1 =s |, and so on : 
and a readiness in performing such simple reductions will 
often materially shorten the labour of more complicated Exs. 
Thus, to express { of Ids. 4:d. in terms of IO9. :— 

By observmg that 13«. 4d,^i£, and 10ff.»}£, I haye 

^ tofl3<.4d. lof|^ _7^ 8^i^_7. 
10». i^ ~^ 3 1"6' 

or, I of 13<. id.^i of 10«. 

By the ordinary method I should haye reduced both ISs. id, and 10«. 
to pence or fourpences, and the resulting fraction would have required 
much heavier reduction than mine has needed. 
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80. Wien either the num' or den' of the left-hand fr" 
requLFes much reduction to a lower d^i*^, it is better to 
express by signs the multiplication requisite to perform this 
reduction, rather than to perform the mulf*, and put down 
the result; because, when either nimi' or den' is thus ex- 
pressed in &ctors, it is in the best form for detecting the 
probability of any cancelling taking place, so as to present 
the resulting &" in its lowest terms. 

For example, in reducing 5drs. Isc. 15gr8. to the fraction of lib., I 
mnst bring the lib. to grains, and I write 

5dr. Isc. 15gT8. 16 sc. 15gr8. __ S35gr8. -—. 

iTb;^ 1 X 12 X 8 X 380. ~ 12 X 8 X 3 X 20gi-8. ^ ' 

67 
^S^Si 67 67 



12x8x3x5^(^ 96x12 1162* 

But in this Ex. we may also notice that the last denomination 15gn. 
may be Very readily expressed as a fraction of the preceding denomination, 
viz.- scruples, for 15gr8.=^sc.=|sc. ; therefore, instead of the two 
latter fractions in line (U), I should write 

67 
16fsc. ^ -4 _ 67 ^ e7 

"12x8x380. 12x8x8 4x12x8x8 12x96 

67 
""1152' 

Of these five fractions the last four are merely reductions to a simpler 
form ; and the number of steps which a pupil may have to write down 
in working Exs. similar to the one above will depend, partly on the mag- 
nitude of the numbers involved, and partly on his own quickness in 
working mentally. 

I will give one more Ex. in which the work is condensed, 
but still the successive operations are intelligible. 

11 

Express t^ of Hd, in terms of 9«. 7^. 

Hof4^> _ HxVc?. _X^ 17 !{ _17, 
9*. 7H " n5id' 12 \ 5^n 604' 

or,gof4i<i.= ^of9*.7i<^. 



H 
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EX8.17. 

1. BzpNM U, Sd., «nd 17#. Cd. intenniof £1« 



2. 

•3. 

4. 

6. 
7. 

6. 

0. 

10. 

11. 

12. 



Lit. 7'gw.|.«« tg 

<^ of a moidore, ,, 



f^, » 

Sqrs. l^nlfl., „ 

Soz. 5drs. l^BC 

f of l^guineas 

(of 1| of an acre... 
li of 1| of 3 mUes. 
1 hour 



25#. Hd.. 
28, Uid„ 
8} groats. 

iof7#... 
^in.« r 



2^ of I of 15 solid inches „ 



t» 


1 goinea.. 


91 


15t. 6(f. 


n 


12} guineas. - 


f» 


l&rthing. 


99 


1 Flem. elL 


t9 


lib. 


19 


£S. 


99 


Isq. yd. 


99 


5 miles. 


»> - 


8|of365id7s 


$f 


3|cnliac jd. 



8IUFLIFICATI0N OF FRAOnOKS; INCLUDINa EXAMPLES IS THB 
COUFOUKD BULSSy WHICH XmrOLYE FBAOIIOira 

81. Under tMs head are arranged-<»lst. Exs. involTing 
the expression of frac^ quan' in positive terms, and reqniiing 
both Addition and Subtraction, as— 

L £f + fof2U-f of27«. 

Sndly. Exs. in Compound Addition, Subtraction, Multi* 
plication, and Division, in which fractional quantities are 
involved. I give one of each. 

iL £3 69. 8|d + £2 Us. ^d. + £4 13a. 9}^/. 

III. £7 \^8. %id. - £3 llB. lOK 

IV. £8 Hi. 2^d. X 46f. 
V. £38 3a iid. -r 13 J. 

82. In Ex. I. we may use either of the following methods, 
viz. reduce all the quantities to the same denomination, and 
then find the value of their sum as in (62); or, express in 
positive terms each fraction separately, and then find the 
value of the whole by Compound Addition 4nd Subtraction. 
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By the first methody reducing the quaatitieB to- the 
&actioii of j£l, I have 

|£+|of21*.-|of27#. 
fS . 63 189> 



_ /5 53_189\ 

"" V8 80 IQo) 

100+126-189- 
160 

_ 226-189 J'_ 87^ 
"" 160 160 



(8inoeL.o.D.=160) 



, 87 « 87x580 87 ,. . ^, • 

By the Second method— 

|£(64)=12«. 6d. 
o 

also, |o£21*.=:~*. = 15i«. = 16«. 9d. 

and^of 27«.= ^«. = 23|«.=£13«. 7id. 
o o 

theiefor6|£+ |of 2U- |of 27».=12*. 6d + 15#. 9<i.-£l 8«. 7Jd. 

=£1 Ss. 3d.-£l 8#. 7i<^ 
=4«. 7K 

83. Ex. n. £3 6^. 8^ + £2 11*. Bid. + £4 13«. 9|i. 

Commencing 'with the addition of the fractional parts, I have 

5j 7 , . 2 , 20+21+16 , £ #. d. 

gc«.+ gd.+ 5d.= 2i ^" 



8 


6 


8* 


2 


11 


8J 


4 


13 


9* 



24 8 ^^ 10 12 at 

and canying the 2d, to the row of pence, I complete the mun as in Com* 
pound Addition* 

84. Ex. m. £7 168. 8K -^ H*. lOJA 



56 n^cnoHB. 

Gommencing with the sabtraction of the finction&l parts, 
I observe that { < { j therefore, borrowing Id, from the 8d 
in the former quantity, I have 



ifi.-i<».=f^-|)«i.= 



44-21 . 28 , 
-2?-*'' 24* 



£ 


«. 


d. 


7 


16 


H 


3 


11 


lOi 



»*f 



and complete the aum bj Comp^ Subtraction. 

Ex. lY. £8 Us, 2^ X 46f. 

Kow, since to multiply by 4 6f is to repeat the ni.ulti- 
plicand 46 times and f times, therefore, if I multiply the 
given comp*^ quan^ by 46, and then take f of the same, the 
sum of the two products will be the product reqtiired, viz. 
46f times £S 14^. 2xV^. Proceeding as in Comp^ Mulf, 
and working in the margin those parts of the mult*^ which 
involve fractions, I have 



8 14 


9x5+1=^46 


78 7 111 
5 




391 19 Si 
8 14 2^ 
7 14 IOttV 


= 45 timeff 

= 1 „ 

= l„ 


408 8 


9^ 


••=461,, 



£ «. 
8 14 


d. 


JUd 13 


aj 


7 14 


lo^ 



The -f^d. is thus obtained : after 
dividing the pence by 9, there re- 
main 2(2. ; therefore I have to 
divide 2id, by 9 : the quotient 

8 
2ld. 8 , 8 _, 
= "»" = 9'*-=27^- 

«,,».. /l^ 7 ^ 8\ , 27+63+82 , 
Sumofthefractiong=l j+ — + --jd.= —- d, 

_122 61 , 
■"lOB^'-Si^* 

Again 46| ^ ^ j therefore I may multiply the given sum 



FBACTION& 57 

l>y i|«; i. e. multiply by 422, and divide by 9. But as this 
second method inrolres more labour, and would therefore 
be not so generally used, it is not worth while to work the 
T!y, out, especially as the process of Compound Multiplica- 
tion, where fractions are involved, is sufficiently shown in 
the former method. 

85. Ex. V. £38 3*; 4f^. - 13 J. 

There is but one mode of working this Ex., viz. to reduce 
the divisor to an imp' fr* — ^invert it, and proceed as in 
multiplication. 

Now, 13f = ^; and this, when inverted, becomes xfr. 
Therefore the Ex. becomes £3S 38. 4fd^ x if^; t. e, I have to 
midtiply the given sum by 9, and divide by 124. The work 
will be as follows : — 

£ 9. d, 
38 3 4f 

9^ 9x|<|. = V<^=5tc^. 

(j£2 



124; 


343 10 5| 
248 




95 

20 


124; 


1910 (15#. 
124 




670 
620 




50 
12 



124; 605 (,4<f. 
496 

109 

There now remain 109(7. and {(f., which have not yet 
been divided by 124; the quotient s 

547 
109H __5^ ^ 547 , ^ 547 . 
124 124 5x124 620 ' 

and the whole quotient is £2 15& HHd. 

3-5 
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EXS. 18. Had the Tftlue of 

1. Igoinea+AoflSi. id.— |of27#. 

2. i ton + { lb. + <A owt. (joi lbs. and oz.) 
8. ( mile~f furlong + ^ pole. 

4. H aor . + f rood— I iq. yd. 

5. £7 16«. 8i<i. + £188 4«. 10{<2. + £78 6«. ^d. 

6. 27yd8. 1ft. 8Jin. +5yd8. Oft. d}in.— 2a Ofin." 

7. 4 tons 8 cwis. 2| qrs. + 15 cwt. 57^ lbs. —8 qra. 13 lbs. 5i oz, 

8. £468 12«. Hd, ^£764 19<. 8j<i. 

9. £114 8«. 0^. X 8|. 

10. £15 9<. 8H<I. X 28f . 

11. 17 yrs. 8 mo. 2 wks. 8 dys. x 875^. 

12. £185 0«. 11A<2.-T-12H. 

13. 1684 IbB. 10 oz. 17 dwt 111 gr8.-^47i. 

14. £18 15*. 9^. X 17f 

15. (£8 Be. 7id, +£2 17<. 5i<i.)-T-15|. 



MISCELLANEOUS EXAMPLES. 

86. These, of course, consist of quesidons inTolying one 
or more of the Yarious processes which we have considered; 
and all that can be done towards guiding the pupil in 
working such Exs. is, merely to assist him in judging what 
operations are required in solving any proposed question. 

What was said in (60) applies more particularly here;, 
viz. that it is necessary most carefully to note the signs^ or 
rather the words which express signs. As an instance of 
this caution, I will consider the subjoined Ex. ; and in order 
to work it, I shall endeavour to see what operations are 
intended by the words employed in the question. 

Ex. L Multiply the sum of f, f of f , and 4, by 7H« 

Now the 8vm o/* means addition, or (4-), and o/* means ( x) ; 
therefore, this Ex. expressed in signs is {J + (J x f ) + 4} x 7 J}. 
This is now a mere Ex. of simplification as in (60); and the 
remaining work may be completed by a pupil. 



87. Ex. n. How many persons may reoeiye each 3f a 
oxitof£13H 

This is only a Hedaction sum, involving fractions; and, 
in plainer language, means — ^how often are 3f ^ contained 
in. £13^1 or, if I divide £13^ by 3f*., what is the quotient? 

The quotient required is 



■tv 


13* X 20«. 


5?x 

T 


209. 
1 


f\ 




~' 23 


t« 


V* 






8 


^*^x 

1 ^ 


6 



72, 

By (67) we know that the second fraction in line (W) 
will be an abstract number; and the result^ 72, shows that 
3ff8. are contained 72 times in £13^. 

88. Ex. in. Compare £f , f of a guinea, and } of 1 1^ lOid, 
We cannot compare quantities without Imnging them to 
some oommon name; t. «. in order to compare fractional 
quantities, we must reduce them to their l. cl D. 

These quantities may therefore either be expressed in 
positive terms, as pounds, shillings, pence, <feo.j and then 
compared; and this is the best method when we wish to 
know the difference in value between the quantities; or they 
may be all expressed as fractions of one common quantity 
— say, of £1, or of 1 guinea, and then reduced to ii. c. d. 
I use the latter method, because then I see more clearly the 
roHo between the quantities. 

Beducing to fir°* of £1, 1 have 

8 . 8^21^ 63 « 

ggmnea=gx -£._£. 
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Hence the 8 gireii quia*, when ex proooo d in the same den**, are 

8^ 68 ^ J 569 J, 

7 ' 160*' 1440*' 

J, ^s, , ^ ^ *320 8969 8988 

or, reduced to L. CD. j5^, j^^, j^^. 

or in the ratio of 4320 : 8969 : 8988. 

89. I will work bx full the following Ex., because upon 
the method of working it depends the solution of many 
questions in Arithmetic and Algebra. 

ExiY. If| + } + ^ofa number amount to 36^ what is 
the number 1 

Kowl+l + i-t±i±l-l-? 
JSow,g+^ + ^2 12 12-8' 

And, by the question, this sum = 86 ; 
f. e. § of the number ss 36 ; 
therefore, dividing both sides by 2, 

i of the number » 18 : 
and, multiplying by 8, 

§• of the number, i, e, the whole numbers 8 x 18=54. 

90. The following is an Ex. which is to be worked upcoi 
a principle similar to the last. 

Ex. T. If A can do a piece of work in 3 hours, B in 5 
hours, and C in 7 hours^ in what time can they do it^ all 
working together? 

Now, A can do the work in 8 hours ; 
therefore A can do | of the work in 1 hour ; 
BO, B „ i „ Ihour; 

andO M ^ f, Ihour; 

therefore the three, A, B, C, working together, can perform 

1^1 _^1 85 + 21+16 71 . - , 

8 + 6 + 7' ^'—106—' orjogu^ltour; 

71 
therefore, if they do .^ in 1 hour, 

they will do j^ in -j hour. 
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and therefore :=-t^ , or the whole in -^-- hours : 
106 71 

that is^ in 1^ hours. 

"By observing the &° ^^, ezpressiDg the amount done in 
1 hour, and ^, the number of hours reqxured for the whole 
'work, we find that they are the reverse of one another; 
and this we might have expected, for the quantity of work 
clone in any given time bears an vnverae ratio to the amount 
of time in which it is done (76). 

Here I have been finding the time of doing the whole 
i^ork. I give one more Ex., in which it is required to find 
how much of a given piece of work can be done in any fixed 
time. 

Ex. VI. A cistern is filled by two spouts in 20 and 24 
minutes respectively, and emptied by a tap in 30 minutes; 
what portion of it will be filled in 15 minutes, when they 
are all lefb open together, the influx and efflux being 
uniform 1 

Since the 1st tap would fill the whole in 20 min. 
therefore it would fill -iv^^ ^ ^ i^iun. 
BO also, the 2nd „ tt^ hi 1 min. 

therefore tq-+ A '^'^ poured in by both together in 1 minute ; but -^ is 
discharged in 1 minute by the third tap; therefore, subtracting the 
quantity discharged firom that poured in, we have' remainingin the cis- 
tern at the end of 1 minute, -^ +n'~'TT » 

6+6-4 11-4 



and this = 



120 "" 120 
7 



j2^inlmmute; 



7 ♦ 7 
therefore at the end of 15 minutes there remains 1 ]| x * or - ; hence 

in 15 minutes the cistern will be seven-^ghths full. 



Ezs. 19. A. 

1. Explain the terms product, dividend, quotient. 
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2. With 268 for quotient^ 868,469 for dividead, and 6 for remainder, 
wbftt is the divisor ! 

8. Find the differenoe between one million «nd ten, and ten thousand 
and nine. 

4. Write an equation involving the ngns of additioa, sobtraotien, 
tnidtiplication, and division. 

5. If a man's yearly income be known, what rule mnst be used to 
find his daily income I Ez. If the income be £532 59. lOd., what is that 
per day! 

6. What is the smallest nnmber that can be exactly divided by the 
nine digits ? 

7. If light travels 192,000 miles per second, and the son's light 
roaches us in 8} minutes, how far is the sun from the earth t 

8. If 360 degrees be passed over in 865^ days, how much is that per 
day! 

9. To how many persons may £i 18«. 6d, each be given, out of a 
sum of £79 98. 6d. ? 

10. What sum of money will be required to distribute to 10 poor 
men, 15 women, and 20 children, the respective stuns of 2i», Is,, and 6d. I 

11. Out of an income of 500 guineas, it is desired to lay by .£150 ; 
what must be saved and spent daily! 

12. Compare the product and quotient of 2^ and 1{-. 

13. Give the rules for multiplying and dividing fractions by whole 
numbers, and illustrate the processes by examples. 

14. From unity subtract ^, add }, subtract i, and add \ ; find the 
ratio of the result to the fraction f of Ij-. 

15. The sum realized by a bankrupt's estate is £7848, being ^ of 
his debts, find the amount of the debts, and the dividend paid. 

B.. 

1. How many dollars, each is. Qd., are contained In 20 moidores ? 

2. How many times will a wheel, 7 ft. 4 in. in circomference^ torn 
in Sf miles ? 

3. If a railway carriage move 42 feet per second, how many miles is 
that per hour ? 

4. Find the value of 1000 oz. of silver plate, at 13«. 9d, per oz. ; 
and shew how many times more valuable the same weight would be in 
gold, at £13 8s, 1^. per oz. 

5. A. yard of Cambridge butter weighs lib., what should be the 
length of one penny-worth, at 17id, per lb. ? 

6. What sum must be divided among 18 men, and 9 women, so that 
each man may have £1 Zs, 6d., and each woman f of that sum t . . 
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7. A cask 18 required which oan be filled by any one of the following 
xneasareSi taken any nnmber of times exactly, l^pint, j^ gallon, Sgab^i 
5 gskia,, and 9 gals. ; find the gmalleBt cask for this purpose. 

8. Find the yalne of -^S^ ^ -j^ of a lb. Troy. 

9. Ont of a sum of £18^) how many persons nuy receiye 2*. 7ld. 
eacht 

10. Shew whether 8 : 19 is greater or less than 2} : 14) ; and find 
tlie change in the last term, that the four may fonn a proportion. 

11. Of a package of doth, i is sold at 2t. 6(2. a yaid ; } at 1«. 6(2. 
a yardi and the remaining 25 yds. at 1«. lOci., gaining 2(2. per yd. ; find 
the whole gain on the package. 

2 1| 

1 2. Find the product and quotient of «« and -^ . 

18. What fraction of £2 15*. is £2 14«. 9(2.? 

14. If I of a ship be worth £78 It, dd,, what part of her is worth 
je250 10«. ! 

15. Find the 0. 0. M. of 824 and 720, ezpUuning the truth of the 
process. 

c. 

1. Express in words (1) the sum, and (2) the difference of 4,000,809 
and 70,002. 

2. Find in lbs. the value of 8 tons 14 cwt. 57 lbs. — 1 ton 17 cwt. 8 qrs. 
8. In coining 40,000 penny pieces, each costing {<2., how much 

profit was made ? 

4. What number of steps 2 ft. 11 In. long, wiU be taken in walking 
45 yards t 

5. The cylinder of a railway engme is 18 in. long ; how fiur will the 
piston travel in 500 revolutions of the driving wheel ! 

6. In 56 guineas, as many pounds, moidores, and halfntrowns, how 
many groats ? 

7. If 25 yds. of cloth cost £7 17«. M., shew ^thout using any pro- 
portion statement what is the value of 86 yds. 

8. If £1 sterling be worth 26 francs 50 cents, find the number of 
francs that can be obtained for 1000 guineas. 

9. A clock gains 7imin. per day, find the gain per minute. 

10. How many days would it take to count 800 million coins, at 
the rate of 125 per minute t 

11. Find the L. 0. u. of 6, 8, 12, 18, 24, 27, explaining the process 
that you use.' 

12. Express in the smallest integers the ratio of 77 to -2 . 

l-f o 
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18. After nmng } of a cheese, | of the remainder sold for £1 28. B^d. ; 

.what was the whole cheese worth 1 

14. Frojn the sum of t of 7«., and I of half a guinea^ take i^ of a 

guinea, expressing the result as the fraction of a moidore. 

15. What number added to J, }, and f of f> will make a smn total 

of 5? 

D. 

1 . Find the value of 8645 x 700705-^87. 

2. How many acres in a field 202 yds. long, and 167 yds. broad ? 

8, A bar of gold, valued at £3 17», lO^d. per oz., is sold foe 
£1429 0«. 1^. ; what was its weight? 

4. A sheet of letter-press contains 24 pages, of which f are large 
type, having 82 lines to the page, and 54 letters in a line ; and the re- 
mainder is small type, with 45 lines to the page, and 64 letters in a line, 
how many letters are there in the sheet 1 

5. Out of a yearly income of £1000, £787 17*. 6d, is spent for 35 
years, how much will have been saved in that time ? 

6. In a foot-race, where 50 yards start are given to A, the hinder- 
most B gains 5 feet in every 50 yds. ; where will the competitors be at 

the end of a mile ? 

7. The duty on tea was formerly 2«. 2Jd. per lb., how much most 
pay the duty, to make 5 millions sterling ? 

8. How many plots of land, each 50 square perches, can be made 

out of a square mile ? 

9. The pendulum of a churoh-dock vibrates 15 times in 4 minutes ; 
how many vibrations in 24 hours ? 

10. Pefine propw, improper, and compound fractions, giving two 
examples of each. 

11. Compare H, j|, and f off 

12. A person receives £750 for ^ of his share of a mine worth 
£10000 ; what fractional part of the whole was his share ? 

13. What i» the ratio, expressed in integral numbers, between the 
sum and difference of 17i and 27^ t 

14. If I gain 18|«. in 15 guineas, how much is that in the pound ? 

15. Three men. A, B, C, can do a piece of work in 2, 2J, and 3} 
hours respectively, how much of the work could be done in 20 minutes 
by them all working together ? 



(65) 
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DECIMALS. 



91. It is known to all 'wHo understand Nwmeraiiony that 

where several figures are placed in a horizontal row, so as 

to form one number, the value of any figure depends upon 

its distance from the figure nearest to the right, or, as it is 

commonly called, from the units' place. Thus, if we take 

the number 6666, we know that the four figures, counting 

from left to right, have these values respectively— -6000, 

600, 60, 6 ; where we observe that the first 6 to the left has 

10 times the value of the second — ^the second, 10 times the 

value of the third, and so on: or, going from right to left, 

each figure has one-tenth of the value of the one preceding 

it; in other words, any figure, when moved from right to 

left is multiplied by 10 every step, and when moved from 

left to right is divided by 10 every step. For example, in 

the number 

D C B A 

6 66 6, 
if I move 6 from a to d, or three places to the left, I in 
reality multiply it by 10 x 10 x 10, or 1000, i, e, the 6 
becomes 6000. Again, to change a 6 from c to a, or two 
places to the right, I divide it by 10 x 10, or 100; i, e. the 
figure which before represented 600 now represents 6. 

92. Since, then, it has been shewn that successive 
figures to the right are found by dividing by 10, let this 
division be continued beyond the units' place; we cught, 
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therefore, to h&ye, as the valae of the faisrt figure to tiie 
right of the units' place, ^th of 6, or t^; of the next^ ^Ar^ 
of V\y, or ^; so, of the next, xrflnr; o^ ^© J^os** Tiyfcnr* Ac- 
And when these four additional figures are placed to the 

right of Ihe units' place, the entire number will be 6666-6666, 
where a point has been set after the units' place, to show 
where the new figures commence. The entire number now 
consists of 6 thousands, 6 hundreds^ 6 tens, 6 uniis (or 6), 
6 tenths, 6 hundredths, 6 thousandths, 6 tenths of thou- 
sandtha 

mtan 

Alao, observing '6666, it may be seen that the same rale 
holds that was true of the whole numbers, viz. that to move 
any figure from right to left is to multiply by 10 every step, 
and from left to right, is to divide by 10. For example : if 
I change the second 6 from F to h, or move it two places to 
the right, I change it from xfe to loioo* which = iJ^y "^ 100; 
i, e.1 have divided it by 10 x 10, or by ten twice. 

Again, if I change the fourth 6 firom H to e^ or move it 
three places to the left, I change it from rrshm to ^, which 

H 

= xiySW ^ 1000 j t. e. I have multiplied 6 by 10 x 10 x 10, or 
by 10 three times; hence the same law holds both on the 
right and left of the point 

Def. If a number be multiplied by itself any number 
of times, it is said to be raised to a power. Thus, the 
multiplication of 2 x 2 x 2 is otherwise expressed by saying 
that 2 is raised to the power of 3; and a small figure 3 
placed to the right of the 2 and above the line (thus, 2^ 
indicates or explains how many Actors, 2, have been multi- 
phed together. In like manner, 10^ expresses the multipli- 
cation of four fibctorEf, each 10, and is called the fiourth 
powerv^of lb. 
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This small figure is called the Index, orSxpanerU. 

93* It appears that the figures on the right of the point 
in reality represent fractions, as ^^ y^, TiJWy ^9 ^ ^^ 
^which have as denominators either 10, or powers of 10 j 
Iienoe they are called Decimdl Fractions, or Decimals. 
And the point which is placed to separate the whole 
ntunbers from the decimals is called the decimal paitU, 

Obs. For the future, in speaking of Decimal Fractions, 
X shall use the single word Decimals} and for Vulgar 
^Fractions, the word Fractions. 

94. We have just seen (91) that in writing down the 
value which any single figure represents in the whole 
number 6666, viz. 6000, 600, 60, 6, we place as many 
ciphers at the right hand of each 6, as will keep it in the 
place which it had in the number 6666: so also, in the 
number *6666, if we wish to write down the value of each 
one of these four figures separately, we shall have to place 
as many ciphers to the left of each 6 as will keep it in the 
place which it had in the number '6666, or at its proper 
distance from the poini. Hence these four figures, when 
placed singly, would be 

•6, -06, -006, -0006, (X) 

and, as in whole numbers we might go fiirther to the hfty 
and have as the next figure 60000 ; so, by going &rther to 
the right in the decimals, I should have as the next figure 
•00006. 

Comparing the four quantities in line (X) with the value 
which we have shewn to be due to them, viz. ^, x^, j^y 
&Cf we have this connection, 



68 DBCSMAL IBACIIOS& 

where it will be obeezred, that the Domber of ciphen in 
the den' of the left-hand side equals the entire number of 
figures after the decimal pointy whether ciphers or not^ on 
the right-hand side. 

95. Taking this fiict as proved when there is but one 
figure in the num' of the decimal frac'^, I shall now shew 
that this is true, whatever be the number of figures in the 
num' of thefrac"; for example, that TftJfe=»'0675, where 
there ye four ciphers in the left-hand den', and four Jigwrei 
after the decimal point 

_, 675 600 . 70 . 5 



10000 10000 ' 10000 10000 
6 7 5 



100 1000 10000 * 

and these, by what has just been shewn, in last Article^ 

= •06 + -007 +'0005 

s6 hundredths +7 thousandths +5 tenths of thousandths 

= •0675; 

675 
f. t, TfwwxQ = '0675, which was the required result. 

Hence any frac^, having as a den' any power of 10, can 
be immediatelj written as a decimal, by writing down the 
num' only, and so placing the decimal point that it shall 
have as many figures on its right hand, as there are ciphers 
in the den' of the given frac". And if the hum' does not 
contain as many figures as there are ciphers in the den' — 
that is, as many as it is necessary to have after the pointy 
the amount must be made up by placing as many ciphers 
between the point and the figures taken from the num' as 
shall complete the desired number. 

Thus, ?|^ = 3 -275 ^^ . = -00743. 

'1000 100000 ""'**'• 

In the latter Ex. .1 find it necessary to place two ciphers 
between the point and the 743, to make the number of 
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Bgures to the right of the point equal to the number of 

ciphers in the left-hand den'. 

The pupil should now be able to read any decimal either 

in one sum, or express it in terms of the several parts of 
^wMch it is composed. Thus, 3*275 may be read in terms 
of its several den"*, viz. 3, and 2 tenths, 7 hundredths, and 
5 thousandths: or 3, and 275 thousandths; and here it will 
be observed that when a decimal is expressed in one den**, 
that den"" will be the lowest contained Thus in reading 
-00743, since the 3 stands for hundredths of thousandths, 
therefore '00743 stands for 743 hundredths of thousandths. 

96. 'The position of the decimal point determines the 
value of every figure both on the right and left of it, that is, 
both of the whole numbers and the decimals. Therefore, to 
move the point to the right has the same effect as moving 
all the figures to the lefb; and to move the point to the left^ 
is equal to moving the figures to the right. 

Kow, it has been shewn (92) that to move a figure one 

place to the left is to multiply it by 10; therefore, if in any 

number containing a decimal point, I move the point one 

place to the right, I in reality multiply every figure in the 

number, and therefore the entire number, by 10: similarly, 

if I move the point to the left one place, I divide it by 10. 

Hence, if I wish to multiply a number containing a decimal 

point by 10, 10", 10', (fee, I move the point 1, 2, 3, &c 

places to the right; and if I wish to divide the number by 

10, 10', 10', &C., I move the point 1, 2, 3, &c. places to the 

left. 

Ex. 3275-468. (Y) 

Moving the point two places to the rights the number 
becomes 327546*8; and it will be foxmd that any figure has 
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now 100 tunes the yalne that it liad before. Hie 5 formerly j 

■ 

stood for 5 anesy or 5, but now for 5 htrndredSy or 600; the 
6 for 6 hnndiedths, or t^, but now for 6, or jfo x 100; that 
is, each figure has been multiplied by 100, merely by moying 
the point two places to the right 

Next, let the point be moved three places to the left, 
and the number becomes 3*275468; and we then see that 
the 7, which in (Y) was 70, is now only yfoj or tJ^if; that 
is, has one-thousandth of its former value : so, also, the 3, 
which before represented 3000, now represents only 3; hence 
it appears that the entire number has been divided by 1000, 
merely by moving the point three places to the left. 

Exs. 20. 

I. Multiply 8-034 by 10, 10,000, 100,000, and 1,000,000 sacoessively. 

II. Divide 175*04 by 100, 100,000, 1,000,000, and 10 sucoeadvely. 
III. Multiply -006 by 10», 10« ; and divide it by 10, 10», 10*. 
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97. In the use of Decimals we shall find it necessary to 
know how to convert fractions into decimals. All examples 
of this kind will in reality be particular examples of Division 
of Decimals j but as the simpler ones can be worked mentally, 
or by Short Division, it is well to work them independently 
of the general rule of division. And it will be seen that 
there are two classes of fractions, one containing those which 
can be exactly expressed as decimals, and the other, such as 
cannot. We shall presently shew the ground upon which 
this variety rests; and shall first treat of the former class, 
which includes all fractions which, when in their lowest terms, 
have, as den", numbers which contain the figures 2 and 5 as 
their only &ctors. These may be called convertible fractions. 
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98. We have seen that a frac" whose den' is a power of 
XO, can immediately, by inspection, be converted into a 
decimal And if the den' be aoy other than a power of 10, 
it must be got rid of by dividing the nnm' by the den'. 

Any den' which contains an equal number of both ttoaa 
oxid^fivea will evidently contain as many &ctors 10, as 2 and 
5, ajid therefore be of the form 10, 100, 1000, &c. Take for 
example as a den' 2x2x5x5^10x10^ 100: and whena 
fir" with such den* is converted into a decimal, there will 
plainly be as many decimal places as there are twoa and 



ExS. 21. Express as decimal fractioiis 
99. Next, let the den' contain fiictors 2 only, or be a 

3 8 
power of 2, as g or rg. 

Now, since the 8 cannot be contained in the 3 units, 
I must therefore bring these units into tenths, and say, 8 in 
30 tenths, which gives 3 tenths as quotient, and 6 tenths 
over ; and since 6 tenths = 60 hundredths, 8 in 60 hundredths 
gives 7 kimdrecUhSy and 4 hundredths over, or 40 thousandths; 
8 in 40 thousands gives 5 thoiiscmdtha ; and there being no 
remainder, the division terminates : and collecting the three 
quotients, viz. 3 tenths, 7 hundredths, and 5 thousandths, we 
pMnly have | = '375. 

It wfll be seen that like ae there are ffvtee factors 2 in the den* 8 so 
there are ihree places in the resulting decimal. The reason of this may 
be seen by representing the process thus, where we multiply num' and 
den' by 1000, 

8^ 3 ^ 10xl0xl0 _ 8x5x5x5 _ 375 

8 2x2x2 ^ 1000 "" 1000 ""lOOO"'^'^' 
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It ia here plain thai the three lacton 2 could not have disappeared 

In the cancelling, ^.e. in the division by the den' 8,) had there not been 
also three factors 10 in the nnm', and therefore three in the den', making 
1000» and giving three dec^ places in the result. 

In Simple Short Division, as soon as I know where to 
put the^fl^ quotient, I can write down the others in order; 
so here, as soon as I find that the first quotient consists of 
tenths, I can place the other quotients without further con- 
sideration. But in determining this fint quotient there is a 
liability to error; for if a pupil takes the fr^ ^, and begins 
to divide by 80, he may incautiously cut off the ciphers from 
divisor and dividend, as in Simple Division : but^ by placing 

the fi* thus 

80 J 3-0000 
•0375 

it will be found that if I cut off a cipher at the end of the 
dividend, I remove a figure which has no value; whereas, to 
take from t&e 80 diminishes it tenfold : I must therefore 
say, 80 in 3 units gives as quotient units; so also, since 
3 units = 30 tenths, 80 in 30 tenths gives tenths. Again, 
30 tenths = 300 hundredths, and 80 in 300 hundredths 
gives 3 hundredths; hence must be put as quotient under 
the tenths, and 3 under the hundredths; the remaining 
quotients will then fiill into their proper places by mere 
Simple Division. 

But in examples like this, where the den' contains a 
power of 10, it is best to divide by the other factoi-s firsts 
and then divide by that power of 10. In the Ex. ^, we 
should divide both num' and den' by 8, and then divide by 
10, by inspection. Thus 

80 10 ' 

So, also, — = ^?^= -000375 by (96) 
' '8000 1000 "''''*"*' ^^ ' 
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100. If the den' of ihefr* be aoomposite number larger 

tlian 12| we may perform the division by breaking' the den' 

into factors^ and dividing by them sacoessdyelj. For example 

5 1*25 -.^„- -.V 
82 = "g-«-15«25, (A) 

where the second fraction in (A) was obtained by dividing 
niun' and den' by 4. 

A fraction whose den' has fieu only as its fistctors, must 
be reduced to a decimal by a process precisely similar to the 
one exhibited in (98) and (99). 

Ex. -$1, "Hesre there are two factors 5 in the den*; there- 
fore the div" will terminate when I have used 2 ciphers in 
the num'. 

•^'•^'12600 2500 600 100 ^' 

s '00024 by (96) 

where the three Victors 6 in 125, (i. e. in that part of the 
den' which is being got rid o^) produce three figures in the 
num.' of the last fraction in (B). 

EXS. 21. Express as decimal fractioiis 

*^ "f* T» ¥» 1> 99 TT* T»» TVTT 

in. ^h, «A, ii^> H of lit, 7Aof5A 

Thfi following equaUtietf are worth rememberiBg. 



J .» 



I .J :.!■: 



J=126 


i=-26 


1=^75 


1 , 


1-625 


.=.5 


I--875 


8 >,K 

j-75 



aM 4 
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IMrtilftt^ sfptMt M £oao«•^-tf 111 eaavarliiig m teetioa to m 

dmm9^ I h»Te a dlyiMr 8, And I oobw to the laat figare in U^e dividend, 
one of the aboye equiiitlM wiU enable me to write down the remaining 
quotients immediately. 

75 
Thnfy if I hare to redaoe-g- to adecimal,! findihat after one qnotaent 

9 hm been obtained, S ii my.lMt'dbid«td^ hmod, ainee 9*^6 s *875, I 

ean write -^«9*87ff> without ferforming tba divisioo Ibr the lael time 

o 

117 
qaotientf. Sunilariy, — r- =1'46254 where the last, three figoree were 

o 

obtainedf as before, by remembering the yalud of. 5-f>8. So also^ 
75 

'v-*lA'7$^— the iMt two^qnotients beiog written withomi diTiding^, 

101. Coining now to what we may call the inconverlibb 
fractions, i. «. those which, when reduced to lowest teinns^ 
contain other &ctors than 2 and 5 in the den', as, for instancy 
3, 7, 9, &C. we see at once, that the power of 10 which reduces 
the nnm' to tenths, hundredths, <&c. is not divisible by these 
factors; therefore they cannot be cancelled out^ as the Actors 
2 and 5 were; hence the division wiU not terminate. But 
since the saQcessLve quotients diminifth tenfold in value evetj 
step, so that the eighth to the right of the point represents 
himdredths of millionths, we generally pursue the division 
tiU we obtain 7 figures in the decimal, and then consider the 
remaining quotients as too small in value to be much appre- 
ciated. 

Moreover, whatever be the factor which cannot be 
cancelled out of the den', we know that in dividing by any 
divisor, the remainder must always be at least one less than 
the divisor : therefore if any divisor, as 7, be the £sictor which 
causes the division not to terminate^ there can be but six 
remainders; and hence, when 7 divisions have been performed, 
~ne of these six remainders must come over again, or recur: 
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And if the remainder, wliich, of course, influences the dividend, 
recurs, the quotients will also recur, and we shall then h^ve 
the same set of figures rectirrmg, as it is termed 

Ex. To convert f into a deciln&L 
Working mentallj, as in (99), I have 

f = -857142857142, &c. (0) 

where it appears that the figures 857142 will recur, to 
whatever length the division may be conied: hence such 
decimals are called BeciMrrmg JDecimahf and tiie set of 
quotients which recurs is called a.Pmoc2L* If the period 
consist of but one figure^ that single figure is writtrai tdth a' 
dot ( * ) over it in place of the whole deoimal; but if there be 
more figures than one, the period is wiitteiL with Ik dot over 
the first and last of its figures. 

Thus, ^= •867142857142 or •te7145 

- = •333 or=s-S 

o 

g=-llll pr-I 

ObS. The places which are oocn^ned by the figures to the 
right of the decimal point are often called decimal places. 
ThuS| in the £x^ }, We iftty that tjie ^tision wae oartied to 

' ' ■ « I I Ml II - I I 

* OlMerving ihe line (0 it may be noticed that iThenevtt a fi* has 7 for iti den^the 
xecorring decimal obtained will consist of the flgnrea 857142; but thlB period wOX nol 
almkys begin ^th the figure 8, but with some other of the abOYe f flgnres; thos 
f a*4nS71 At., when it wDl be obsenred that the period is the samd SJB in (0), except 
that we begin with the.4; aott if tbew figures w« retained hi the inUiiflfy»tlM wbbler. 
may be written down at once» as soon as the ftrst figure has been obtained by dirision. 

JS, h0weVeri whekr the dbm* is<7i the mtmr be a3readj'» nevttiig decUoal, the aixyve 
obserratidn will not hold, because the additional figures at the cod of the nnm' are not 
Mia the abeire fr-*| aatdf 

4—2 
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six plaq^ before the figures b^gan to recar.«— (See Appendix, 
Art Circulating Decimals). 

EX8. 22. Ex premi as decimal fractioiia 

I. h h h A» tV» I, lofll 

n. h fc V* \h n. 4^, A* lofiA 

in. «A. 17A> 875A, Wf 



TO OOmrEBT TERMIHATINO DECIMALS INTO TULGAB FRACTIONS. 

102. It will be easily seen that a number expressed as a 
decimal can be immediately exhibited as a vulgar fraction. 
For, since it has been shewn (95) that tM^= *0675, thero- 
fore we can reyerse the process, and say that *0675, when 
converted into a fr*, becomes tS^; and the correctness of 
this conversion may be proved thus : 

' 100 1000 ^ 10000 



/• J ,. .600 + 70+5 

ss (when redaoed to L. a D.) — Taaqa — 

^ 675 

" 10000* 

So alio, 8-0275=8+ ^ + j?5 + j^+ j3?55 

80000 + 200+70+5 30275 



(D) 



(E) 



10000 10000' 

a fraction greater than 1, as might have been foreseen, 
because 3*0275 is partly a whole number and partly a 
decimaL 

PxF. In a whole or mixed number, the part which is 
not firaotional is called IrUegral, or an Inkger, 

103. In (D) we observe that the num' of the vulgar fi* 
into which we have changed the decimal, before it is redaoed 
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-to lo'west terms, consists of the figures in the ffrem decimal, 
excluding ciphers not preceded by other figures; and the den' 
ijs 1, followed by aa many ciphers as there are decimal places. 
iBut in (E), where a cipher occurs in the given mixed 
decimal 30275, it remains in the num' of the equivalent 
improper &^; and the den' is formed as before. 

The above fractions may, of course, be reduced to lowest 
terms ; but I have left them in their present shape, in order 
to shew the connection between the given decimal and 
ike fractional form into which it could be converted by 
inspection. Beduciog them, and writing the Exs. as they 
ahoiild be exhibited in common use, we have 

If the given number be partly a whole number and 
partlj a decimal, we may leave the integral part unaltered, 
and then the resulting fr^ will appear at once as a mixed 
num.ber, 

ThiM, 76-0726=76TmTr-76A*A=76jy\,. 

Szs. 23i Convert into vulgar fractions, in their lowest terms, 
I. -05, 10-73, 115*008, -0001, 1-005, '843. 
II. 12-01, 10-008, -00725, 135*55, -10505, 9-»9* 



TO CM)NVEBT BEGUBRING DECTMALS INTO VX7LQAB FRACTIONS. 

104. Though at first it may be thought that a 7U>nrtermi' 
noting decimal cannot be accurately represented by a fi*; 
yet^ since every recurring decimal is formed from one of 
that class of fractioxus which was discussed in (101), therefore 
every such decimal can of course be made to resume the 
fthape from which it was derived: and the accuracy which 
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was lo6t in the duusge fixan a firaction ioa decimal is restoEed 
hj this xeoonTttnioa to the origixial &actio9. 

105. Oircolating Dedmals are <^ two kinds; one in 
which the whole <^ the figures repeat, as 

•868686 or "Sd ; 

and the other^ in which some of the figures to the right of 
the point are not repeated. These figures, of course, always 
stand to the left of the circulating part, because when a 
decimal once begias to circulate, it continues to do so. An 
Ex. of this kind is 

•764365365 or 754564. 

The former kind is called a FurSf and t^e latter a Mixed 
Circulating Decimal. 

106. The best method of working Exs. under this case 
will not be intelligible without an acquaintance with one or 
two taucta in algebra. A letter of the alphabet may be used 
to represent a quantity, the value of which we have to find, 
as in (73). ' Thus, I may let F stand for or represent the 
fraction which is equivalent to any circulating deoimal ; and 
ifc is for me tp asQertain the value of this F in any particalar 
example.. 

Also, a number placed just before this F, and with no 
sign connecting F and the number, is a multiplier of the F: 
thus, lOF, |F, mean ten times F^ J times F, or f of F; and 
they have the same value as though they were written 
10 X F, } X F. F repeated once is not written IF, as we 
should write Is., but only F. These multipliers 10, {, and 
1, are called eoeffidents. Moreover, since in the quantity lOF, 
F is the den", and the 10 tells us how many times F is taken, 
just as the 7 in 7s. tells us how many shillings are taiceD, 
therefore I can add to this lOF, or subtract fifom it^ any 
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number of quantities of the same den", u $. ttijr immber of 
times F. 

ThuB, 10r+ 3F=18F 10r-8F=7F 

•ndlOOF+ F=:101F lOOF— F=99F» 

107. I now proceed to find the fr" which is equivalent 
to any circulating decimal, as 

Ex. I. *Sft or ^«8686... 

Let F s -seasse..* <6) 

Now if I mtfltaply both sides of ihis equation \>j t^he same 
number^ tiie equality will not be disturbed. Mj object is to 
move €b.e point two places to the right in the decimal 

*3636B6u , 80 that it shall become 36*3636 This is 

done by multiplying both sides by lOOj the left-hand side 
therefore becomes lOO x ¥, or lOOF; henoe we have 

100F= 86-8686 (H) 

aisoF= -sesese (G) 

Subtracting (G) from (H), we observe that on the left- 
hand side, F or IF taken from lOOF leaves 99F as in (106); 
and on the right-hand side, since both decimal parts conunence 
alike and go on for ever, their difference is 0; and after sub" 
there remains only the integral nimiber 36; h^ioe we have 

9dF=36^. 

and dividing both sides by 99, we find 

% observing (I) we leam that the fraction which represents 
tlie value of the circulating decimal •§§ has tor its num' the 
figures in the period, viz. 36, and for the d^i^ aa many 
%^n?es 9 as there are figures in that, period. 



80 tacauii nAoaoBS. 

In aooordaaoe with this role we may therefore^ by ]Ilspe^ 
tion, find the Talne of any circolating decimal whidi oontaiBs 
only such figores as do xepeat 

Thu., •«=? = ! 

but every pupil ought to work some Exs. out fully as in the 
beginning of this articles 

108, Again, noticing (H) and (G) we see that the figures 
to the right of the decimal point are the same in botih. lines; 
and this result was produced by so multiplying both sides of 
the equation (G), that the point might be made to pass over 
one period ; in this case it had to be moved two plaoes to the 
right; that is, I had to multiply by 10 x 10, or 100. If tb^ 
period had contained four figures, I should have multiplied 
by 10*, or 10000. I will take as an Example 

Ex. H. To express *22ld as » fraction. 
Let F» '22162216...... (K) 

hereforo,10000Fs 2216*2216 <L) 

Subtracting (K) from (L), we have 

9999F=2216; 

^^ . „ 2216 
therefore, F=j^: 

and it is plain tnat this result might have been written down 
at once by taking as num' of the required hf the period 2216, 
and as den' a number consisting of as many figures 9 as there 
are figures in this period. 

109. We now proceed to convert a mixed circulating 
decimal into a fraction. The nature of the process is the 
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Bame as in the last article ; but one step more is required, 
the reason of which will appear in the operation. 

Ex. m. To convert *82?lS into » fractioiL 

Let F' 82715715 (M) 

Then^ as before, (107)i carrying the decimal point over the period, or five 
places to the right — %, e. multiplying hoth sides by 100000, 1 have 

100000F= 32715-715 (N) 

It now appears that I cannot subtract (M) from (N), so 
as to get rid of the decimal parts, because the quantities to 
the right of the point are not the same : but I see that I can 
veiy readily obtain another equation which shall have the 
decimal part the same as in (N) ; for if in (M) I multiply 
both sides by 100, i. e, move the point two places to the 
right, or over the non-recurring part alone, I shall have ' 

100F=32-715716 (0) 

therefore, subtracting (O) from (N), I have 

[100000F-100F=82715-715...-82-715716...] (P) 
or 99900F= 32716-32; 

., . _, 82715-32 ,^, 

therefore, F= ^^^^^ (Q) 

_ 82683 
""99900* 

110. In the line (P) I learn that the larger coefficient of 
F has as many ciphers as there are figui*es from the point to 
the end of the first period; and the smaller coefficient has 2 
ciphers, i. e. as many as there are figures in the non-recurring 
part : also, when the subtraction iaperformed in the next line, 
the coefficient of F has as many ciphers as there are figures 
in the non-recurring part : and the remaining figures to the 
left are all nines, and as many in number as there are figures 

4—5 
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^1 the period. Henoe, obBerving the right-hand aide of (Q), I 
learn that in converting a mixed circulating decimal into a 
fraction I obtain as a num', "the figures of the given ded- 
mal to the end of the first period, mimM the figures in the 
non-recurring part ;" and as den', "as many figures 9 as there 
are figures in the period, followed by as many ciphers as there 
are decimal places in the non-recurring part'' If there be an 
integer in the given recurring decimal^ I may omit it irhile 
finding the value of the recurring part ; and afterwards hj in- 
serting it I shall have the resulting fraction a mixed number; 
or I may retain it throughout, as in Ex. Y. below, and the 
result will be an improper fraction. 

I will write down one more Ex. of each kind of drcolat- 
ing decimals, in the form in which they ought to be worked. 

Ex. IV. Find the fraction equivalent to '63$. 

Let F= -689639639 (i.) 

multiplying by 1000, 

1000Fs639-6d9639 (n.) 

Subtracting (i.) from (n.), 

999F=639, 

689^218__71^ ' 
^' i*y9 333 111* 

Ex. v. Find the fraction eqniyalent to 2*0§4S. 

Let F=52-0346345 (ni.) 

multiplying by 10000, 

10000F= 20345-345 (iv.) 

Again, multiplying (in.) by 10, 10F=20-346345 (v.) 

and subtracting (v.) from (iv.) 

9990F= 20345-20 

therefore, F=?5?M = ?Z??=.^i55 
' yA>yO 3880 666 

»9JUL* 
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or, cn&tZngfheiBtegnJpttrt^ m dMoribed ibort^ Ili&vt 

the fr«rUonal part=5jj5-^ = j55j= — , 

tberefoFB, the «Btiio qiiaatt^s2^ as before; end Ihlt to tbe better 
method* 

EZS. 24. ConTert into Tulgsr fractions, in thdc bwert tenns^ 

!• •!, -SrS, 'OS, -6101, 15-67^ •I4285f. 
H. -Id, -02?, 130-285714, -OOOW, •14286?, 85-60S. 
in. -084514, 60*01011, lOO'Oid, *16?d43i, 85'OOi, 8500$. 



ADDITION. 



111. It has been stated in Part L that the four elcmen- 
taiy processes of Addition, Subtraction^ &c are applicable to 
qiiantiUes involying decimals ; we bave now to shew that the 
roles there given for their working are tme. 

Since we already know that quantities cannot be added 
together unless they be of the same den% soin the addition of 
decimals, we must take care to add tenths to tenths, hun- 
dredths to hundredths, and so on. And this will be readily 
done, if we BO place all the numbers under one another, that 
the decimal points may be in a vertical row. By observing 
the Ex. worked below, we notice that the tenths are all 
placed under one another, as are also the hundredths^ thou- 
sandths, &c 

m 

Ex. L 732*416 Adding up tiiie tiiird row to the right of the 

'084 point, which conaists of thonaandtht, I find that 
•000007 23 

93^268 it amoimtB to 23 thousandths, or --^. which 



2708-4163 



luuO' 



20 3 2 8 

down the 3 thousandths, and cany the 2 bun- 
diedtha to the next colninn, which conasts of hundredths ; and s* 



I 
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step la juBt laoli m would be performed in Simple Addition^ it is pbua | 
that all the reet of the work may be performed by that Bule. 

112. But if in the quantities to be added there are circu- 
lating dedmaJs, we may either, Ist, oonyert into a &^ esch I 
circulating decimal, and haying found the sum of all iJiese , 
fractions, reduce the result to a circulating deoimal : or, 
2ndl7, (and this method is the better,) write down the re< 
curring decimals at length, to as many places as will include 
twice the longest period ; observe where there are two verti- 
cal columns alike, though not necessarily close to each other; 
commence the addition three or four places to the right of 
the second of these two similar columns, and complete the addi- 
tion, as before : the sum found will be seen to be carried &r 
enough ta enable a pupil to detect the period in the answer. 
Ex. XL Find the sum of -f 14285-1- '9^85714-1- 20-0i2S + 5*46476ld. 

Writing theee at length, and working according to tl)i9 aboTO direction^ 
I have 

•714286714285 

•9285714285714 

20-0925925925925 

5*4047619047619 

27*14021164020 

Here I obwrife that the first two similar rertioal oolnfims are the second 
and the eighth, marked (A) and (B). Commencing the addition at the 
third column beyond (B), I find that I have figures enough in the result 
to shew that the sum of the given circulating decimals is 27'l4021ld. 

EZS. 25. Find the yalue of 

1. 18-325 + -0007 + 70-1 + 85d + 8-04705 + 1000-06. 

2. 847-859 + '010101 + 639 + 2-573 + 11-01115 + -32784. 
8. 1-000009 + 45 + 8845-1 + 75-6832 + 10-01 + -04811. 

4. 7600 + 8-1009 + 478-842691 + -07 + -00001 + 1-1. 

5. 8458 + 5-14328S + -674 + 145-2f + -675165. 

6. -S + -05 + 145'27S44 + 8-6o5 + 6-l4285f. 

7. '684 + 1-S8764S + 3-841007 + -6?, 

3. 1-4 + 19-34854 + 6-2t + 5-347858 + lll'l + -0*6. 
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BTTBTEACTION. 

113. As Addition of Decimals was shewn to be only an 
extension, of Simple Addition, so Subtraction of Decimals is 
of the SBJne nature with Simple Subtraction ; but we must 
take care how we subtract, when the lower line contains 
more decimal places than the upper, 

Ex. L Find the yalue of 18-0426 — 2-005417. 

Pladng the two quantities one under the other, bo that the pc^ts are 
in a yertical row, we shall, as in Addition, have tenths under tenths, &c. 

As there are no figures in the 5th and 6th places in the upper line, I 
may place ciphers there ; and since there are ne figures to tiie right of 
these dpheiFBy the value of the decimal will plainly remain unaltered* 

A 

18-042600 600 

2-005417 417 

16-037183 183 

^ If we DOW take the last three figures in each row as whole numbers^ 
80 as to form a Simple Subtraction Sum, we find the difference to be 183 : 
BO also, since the 600 and 417 in (A) both represent mOHonths, their 
difference is 183 millionths : similarly the 42 and 5 are both thousandths^ 
and their difference =37 thousandths : hence we see that if the subtrac- 
tion be performed in (A) as in a common Ex. in Subtraction, the result 
will be correct. 



114. If an Ex. in Subtraction contain circulating dec! 
mals, we must, as in Addition, write down the periods sufficient 
to contain twice the longest period, and commence the sub- 
traction about five places beyond the latter one of the two 
similar rows ; the remainder which will recur will be found 
to contain figures enough to enable us to detect the period. 

Ex. n. Find the yalue of 24-4of-5-98676975. 

Here, writing five of the periods in the upper line, and two in the 
lower line, we have • 
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24-407407407407407... 
6-9807697807e»78... . 



1F4266876766377 



The oolumns marked (A) and (B) are the first pur which are rimiUv ; I 
therefore commenoe the subtraction at the fifth row beyond (B) r mad 
the remainder, which contains the droolaiing decimal, is eHdmtly 
18*42i6876?. 

By observing the Ex. in Addition of drculating decimals, I find that 
the figures which should form the second period are somewhat belo-vr tbe 
value of those in the first period ; but by commencing with the addition 
a little more to the right, I should have figures to carry, as it is called^ 
which would have made the second period correct as well as the firrt. So 
in the Ex. just worked in Subtraction, the figures whioh should finim the 
second period are too laige ; but by commencing the Subtraction sk few 
more places to the right, the process of borramng would make the f^gwcm 
of the second period q^ite correct. 

EZ8. 26. Find the value of 

I. 8-5--075 ; 175-8-1-0024 ; •715-'70451. 
II. 1-825--4736; 1001-9-875; lJd--75; 'S— -t 
m. 4- '07; 8-0768-1-27S ; 18-468S-6-8fi574»2l. 



MULTIPLICATION. 



115. The rule for the multiplication of decimals is to be 
found by multiplying the vulgar fractions equivalent tp any 
given decimals, and then observing the nature of the product 
80 obtained 

Ex. I. To find the product of 8*275 and 18*03« 

We have 8-275 x 1803 = ^ x 1??? 



8275x1803 5904825 



100000 louuuo 
^^ 59-04825. 



(E) 



JfTom (K) we IMm Uul tba pradnot of the given dacimtli U a dwdnuil 
fraction which hu for ita nnmentoF the product of the givaa nnmben 
treated M integen; and for its donomiaator, 1, faUowad by m mmy dphen 
as there ue decimal pUon In bB& the multiplier uid mnltiplioMid ; tud 
Bnch ■ &Mti(Hi ia of oonne immediatelj (9G) oonvertible into % deoinul, 
-which itull have es nuuij deoinial pUoei aa thii fnctim lui dphen ; 
ftnd this convenion is performed in the next line. Benoe, M thU Bi, 
dtfTera not &Dm iny other vhioh conttuna only terminating dectnul^ we 
conclude that the prodnct of two an^h deoimali ii fonnd by mnl^djing 
them together u in whole numbers, and pointing off in the product a* 
many places as are found in both multiplier and multiplicand. 

116. Alfli^ if it be required to multiplf together more 
-than two nTunbera inTolving deoimala, it will be found tliat 
tlie same rule most be observed. For suppose that four 
iramben w«a^ p van, whose product was required : the pro- 
dnct of the first pair might be found, as ftbove ; then thia 
product ttnd the third number might be multiplied : and, 
lastly, this second product and the fourth number : and so 
on for any nmnbec of quantities ; henoe we maj find the 
product of any number of decimal quantities, as in the 
previous Example. 

Ei. n. Find the value of 0093x207 x 708 x -MSI. 
^ ^ 9S 207 708 fil 

The product = jjj^ " iSS " lUo " fu^So 

__I1245f!2(ign_ 
~ 1000 001] OUUUIHJ 
= ■00112456239^ 
(, viz. 1.;, =aum of the numbers of 



, illustnitiiig the truth of 
•limilar Exb. aa in Slmiilo 
jj decimal placea in the 
liltiplied together. 

rked aa followB j 
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8-275 

18-08 

9825 
262000 
8275 

59-04825 

Much instruction may also be derived from working an 
Ex. in the following manner : 

Ex. IIL To find the product of 271*405 and 98'6854. 

271 '405 Placing the multiplier under the multiplioand in. 

93 -6854 ^ KQy position whatever, I commence multiplying by 

814*215 ^e figure in the units' place, viz. 8. Since then I am 

21*71240 ^'^^ merely repeating eveiy figure in the multiplicand 

1*857025 S times, therefore eveiy figure when multiplied will 

'1085620 give a product of the same kind as itself, and that 

24426*45 product will occupy the same place with respect to the 

25426 •6859870_ point as it did in the mult* ; hence the product will 

clearly be 814*215. 
If, now, I multiply by the 6, which is in the fen(^' place, the product 
will be ten times lem than it would have been, had the 6 been in the 
units* place ; hence I place every figure in this product one place fisuiher 
to the right than in the previous line ; so, also, the product by the 8 will 
be two places to the right, by the 5, will be three places, &c. 

Again, since the 9 in the multiplier represents 90, 1 place the product 
obtained by multiplying by the 9 one place more to the Irft than the first 
product ; and if there were any figures in the places for hundreds, thou- 
sands, &c. of the multiplier, I should place the corresponding products 
two, three, &a places to the left. The whole of the work will now be 
intelligible. 

The above row of products may be written down in any order we , 
please ; provided that, in commencing the multiplication by any other 
figure than the one in the units' place, we use proper caution in placing 
the product in its proper s^^uation with respect to the decimal point. 

EZS. 27. Express as simple decimals 

1. 1-5x1-5. 6. 1-5 X 8-15x2-17. 

2. 2-375x3-48. 7. •008x5-5x1-4. 
8. •006x78*928. 8. 8*75 x -014 x -875. 

4. 1-0006x461-8. 9. 8-125 x 14*25 x -01. 

5. 10-875 X -0074. 10. 85-01 x 7*98 x 10001, . 



DECIMAL FRAOnON& 89 

118. Nexty let the decimals to be multiplied together be 
either one or both of them circulating. These may be con- 
certed into equivalent fractions; and then, after haying 
multiplied them, we may convert the product into a circulat- 
ing decimal; or the product of the decimals themselves may 
be found by Simple Multi{)lication, provided that there be 
taken a sufficient number of figures to enable us to ascertain 
the period in the product. We will work two EauL to illus- 
trate both methods. 

Ez.y. Eindtheyalaaof *Sftx75* 
By the first method I have *^ 

4 

•56 X 76= II X 76= ^=27-2727......« 27-5t. 

1? ^^ 

By the second method, I write down the period *8686d6.«. 

three times, so that there may be figures enough in 75 

the product to shew its period. 1818180 

If a fourth period had been written in the multipU- ^^^^^^^ 

cand, the figures carried from the multiplication of it ' ^7^700 

"would have caused the period 27 to have been seen in 
the fifth and sixth decimal places in the product : and evexy additional 
period in the multiplicand would have produced one more period in the 
product : hence, since the number of periods, 36, in the multiplicand is 
unlimited, so, also, will be the number of periods^ 27j in the product ; 
i, e. the product is 27*^7| as before. 

Ex. YI. Find the Tahie of 87'i x 9*l6, 

Upon working this Ex. by ordinary Multiplication, I find that evep 
if I write down five periods in the multiplicand, and four in the multiplier, 
yet the product is such that the learner would hardly detect the period in 
it ; and if the periods had contained several figures, the work would be 
exceedingly heavy ; and since in such Exs. involving two or more recur- 
ring dedmals, the former method is the better, I give it alone. I then 
havo 5 I; 

87-S X 9-l5=87| X 94* by (ilO) 

=37ix9i 
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i 

EzSt 28. Fonn the followiDg produota : 

1. -5 X 1-78. 4. 27-5 x4S. 

2. 1-Jtx'0458. 5. l-5x-j48S. 

8. 18-O07S X 4-5. 6. 8*58 x -21 x 4-18. 
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119. In the Exs. under this head, either dividend or 
.divisor/ or both, may be a decimal I will gire one "W-g- of 
-each variely. 

Ex. l^d the Talue of S7'54-84. 

Where, as in this Ex., the diviaor is » ooxnpoEtite number eontuning 
no prune ffiotor greater than 12, we can divide. hy auocfiSBive £ictocs, «8 
in (ZOO) ; thuo^ dividing first hy 12, and then by 7, 

87-6 8-125 ,.«.«o^^^,« . 
-gj-= -y- =; -44642857142, fto, . 

= -446428571. 

120. Where there are decimals in the divisor, we have, 
es in Part i., the following general rule : 

RuLB. Count the number of decimal places in the divi- 
sor ; count also the same nxunber in the dividend, and make 
a mark (^) cutting off all the remaining figures of the divi- 
dend. K there be not as many places in the dividend, as in 
'^, add ciphers to make up the number, and then 
ark. 



Divide as in whole numbers; all the figures in ^e 
quotient obtained by. using the %ures in the dividend to the 
left of the mark will be whole numbers. When these figures 
have been used, place the decimal point in the quotient ; the 
remaining figures obtained by division will be decimals. 

121. Obs. It may happen that the diviBor is larger than that part of 
tbe diTidend to the left of the mark ; in this case there will be no whole 
nuinbeiB in the quotient. And if, when the mark is passed, the divisor 
is stiU too large, a dpher must be placed in the quotient after the point, 
for every figure that is used beyond the mark, until the dividend beoomea 
large enough to contain the divisor, and therefore until a figure, other 
thao 0, appears in the quotient. 

-. And tins will be seen at once to be eorreot, if we observe that the 
past of the dividend so out off to the left, and the whole divisor, may be 
oonsiderad as thereby reduced to the tame name, viz. the lowest in the 
divisor, as tenths, hundredths, as th^ case may be ; hence the division iq> 
to the mark will give a whole number; and if continued beyond the 
mark, the dec* point miyrt be then placed, and the remaining figures of 
the quotient will be decimals. 

In the following example I make the mark 0) so as to retain fowr 
decimals to the left of it, because there are four in the divisor, and 
work precisely as with integers, placing the .4e(^ point in the quotient^ 
as soon as the mark has been passed. 

Ex. HI. Find the value of 41 -0632884 x •0438. 

•0438; 41-0632'884 (,937-618 
8942 

1643 
1314 



^292 
80a6_ 

""2268 
2190 




In the next example, since there are ttpo places in the divisor, and the 
dividend is a whole number, I place the dec* point after the dividend, and 
append two ciphers, and then place the mark. 
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1-23; 9717-00' (,7900 
861 

1107 
1107 



00 

Sometimes, alao^ though there be » euffident nmnber of decimal places 
in the dividend to give one or two places in the quotient, yet if it is 
required that there should be 5 or 6 decimal places in the quotient^ ciphers 
may be appended to the dividend, as before^ and the division continued 
M &r as we please, 

Ex. V. 62-5-5--025. 

For the sake of illustration, I work this Ex. in two ways, indepen- 
dently of any rule ; first, by removing the point three places to the ligbt 
in the numerator and denominator, and secondly, by convertiDg the 
given decimals into fractions, and performing the division by the usual 
method of inverting the divisor. 

62-g 62500 12500 
•026"' 26 "" 6 

:=2600 

35 100 

62;6_^625^ 26 _ ^l^j ^ W3 
'•026"" 10 • 1000" H.Q %1k 

=2500, as before. 

EZB. 30. Find the required quotients in the following examples : — 

1. 13-6-r-16. 4. 845-6-r.l-728. 7. 676-84326-7-119-8. 

2. 83-75-r-128. 6. 13-358697-T--634. 8. 3-84765-S-1686. 
8. 1080-5-008. 6. •084007-r-84-3. 9. 1-0005-5-106-3. 



¥ 



122. If either or both of the given decimals drcolate, 
the circulator may be converted into a proper or improper 
fr^y as the case may be, and the division proceeded with as in 
fractions; or the circulator may be lefb unaltered, if in the 
dividend, and only the divisor be converted into a ir^, and 
XT,. j:^8ion then performed. 
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Sx. I. lind the value of 75-:- 'U6. 

By (108) 'Ui^ 55§ = aV^ ^^"^ *'*™> 

27 
Bz. IL Find the quotient of *96ilt when divided by *S, 

» 8 

., - '96844 •90S45 ,A-«,riiir V « 

tlierefore - • . = s (-96845845...) x 8 

8 

n2*89086085..« 
>-2*8968ft. 

123. It lias been stated in (113) and (121) tliat ciphers 
may be written after the last figure of a decimal without alter- 
ing its Talue : similarlj, they may be cut off without affecting 
it ; and this is generally done, if the decimal resulting in any 
Ex. have ciphers at the end. Thus in Art 116, Ex II.| I 
might have remoyed the cipher which is at the end of the final 
decimal ; only that a pupil would have thought that there 
were pointed off only 11 decimal places, instead of 12 : but, 
by referring to the last vulgar fraction used in that Ex., I 
find that it might have been reduced to lower terms, by divid- 
ing numerator and denominator by 10 ; and there would 
then have been but 11 ciphers in the den', and conseq^uently 
11 places in the decimal which follows. 

EX8. 32. Find the required quotients in the following Examples :— - 

1. •Sft-f--072. 4. l•28128...-^3•^J. 

2. 27-4-5-Od. 5. •18x•09-^•li. 

8. 8474-J-1-41 6. 18-f44-(l'i+5-a). ♦ 
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REDUCTION OF DECIMALS, 

124. We have here to perform in Decimals tke opera- 
tion whicli in (62) waA performed in Ytdgax Fractions ; and 
this merely requires that the decimal quantity should be re- 
duced to successive lower denominatiouE^ xmtil we have either 
no decimal part renaming, or until we reach the lowest de- 
nomination used. 

Ex. I. Express in positive terms '375 of £1. 
•375 of £1 = -876 X 20«.=7-6«[(S(*. ; 
and 'Bs, = '6 x 12d. = 6'OdI. =^<i. ; 

therefore -375 of £1=7«. 6d. 
£ 
'875 The work may be written out as annexed : where it is 

plain that at the end of each successiye multiplication I point 



20 



7*5C^^«. Qf[ {^ many decimals as there were in the preceding line, be- 



12 



6-Od. 



cause there are no decimal places in the midtiplier. 



It will be seen that in both the aboye operations I might have 
omitted two ciphers at the end of the decimal part in the shillings, for 
the reason given at the close of the last article. X have therefore crossed 
them out. 

By using the equalities mentioned at the end of (101), and relening 
to the aliquot parts of different denominations ^ven in {Qi), we might 
have worked this Ex. very briefly. 

Thus, -375 of £1=1 of £1=7*. ed. 
So, abo, -876 of £1 =| of £l«17s. 6d, 

Ex. n. Find. the value of 7'14685 of 5$. CfcJ. 

Here^ since the concrete number is erpr^SBeA hi several denomi' 
nations, I must either reduce the decimftl W a fraction, or rednoe the 
59, 6id. to the fraction of a penny, and then perform the multiplication. 

By the second method, giving only the principal steps of 

the work: 

7-1468$ X 5t. 6|d. = 7f 14685 x 66|<;. 

=7-14685 x66-76(i* 
=477-0622375d. 
=39«. 9-0522375(1. 
Anavfer. =£1 19«. 9*0522375ci 
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Just M in (69) I left th» wmaiiMkr aa > fractional part of a penny, so 
Jiere I leavo it a« a <ieahna1 fraction of a penny. 



. 125. If any oiroalatmg decimals occur in Exs. under 
-tills heady we must reduce them to fraction^ and proceed as 
l>efbre. 

Sk. III. Find the Tahie of 'i of £1 lit. 4d. 

•iof£llUid.s^of81|«. 

6 94 470 lgg'6 6g... 
'"9'*T*-"9ir3*-* 9 *• 
=17-4074074...f. 
and •4O7407...t.»('4O74O7...))cl2d; 

=s4'888884...({. 

»4fi 
therefore "S of £1 11«. 4d.»17«. 4{<2. 

£XS. 33. Express in pontiye terms 

1. 1-375 of 1 guinea. 7. -05 of 7i<«. + -375 of'S*. ecf. 

2. '028 of a moidore, 8. 11-06 of £2—17-5 of 6«. 8d. 
8. 875-794 of £5. 9. -875 of a mile +75 of a yard. 

4. 1*115 of a crown. 10. 1*185 of a owt.— '0875 of a qr. 

5. '148325 of 78, 64. 11. *& of Ofi 8d.+ I'Sf of a guinea. 

6. 49-864 of £15 lOf. 12. *68t of 27t.— '02 of £2. 

126. The following operation is the converse of that 
performed in the last two Arts., and corresponds t^ that 
exhibited in (78) in Vulgar !EVactions. 

Ex. Beduoe i». 6|d. to the dedmal of a severe}^. 

In working this Ex. we shall first reduee the foimer of the given 
quantities to the fit^tion of the latter, and then convert into adsdmal' 
the vulgar fraction connecting the two quantities. 

48.e{d. __ 54^. 545 4^54166^ _ 2'2y08S _ uMtnfkik 
£1 "2403: "240°" 20 jj— --227088, 

or 4s. 61cl.« '22708$ of £L 

The mode most commonly adopted for obtaining this result is the 
converse of the operaUon exhibited In the nuugin of (124); thni. 
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2 ) 1* where, in the eeoond line^ after {he dividon by 2 to 

12 ^ 6-5 hring the halfpenny into a decimal of Id., the 6 is 

2 0^ 4*54166... placed before the point, giving a dividend 6'5cL ; and 
•2270833... in the third line, after the dividon by 12, the ^ de- 
noting it., IB placed before the point. 

Thia method is perhaps the readiest in practice ; bat I think it is 
■eldom performed by pupils otherwise than mechanically ; and it is not 
mutable to many of the Ezs. £^yen below ; indeed only to sach as merely 
involve a change from one simple denomination to another in the Tables 
of money, &o. 

Exs. 34. 

1. Bednce 2t. 6<l to the dedmal fraction of ll!»t. 

2. „ SB.7d. „ „ £5. 

8. „ 258 •• y, „ 8 gnineas. 

4. „ £17 15f. .. „ „ £100. 

5. ff 854 yds. .... ,, y, 1 leagae. 

6. fp 11440 yds... „ „ 2 acres. 

7. n 8^qrs „ „ 15 tons. 

8. ,f 6 hours „ „ 185 days. 

9* „ 1 leap year „ ,, 8 weeks 4 days. 

10. g, f of a mark „ „ ^.of a crown. 



MISCELLANEOUS EXAMPLES. 

127. The same remark applies to these Misoellaneous 
Examples in Decimals that applied to the corresponding 
Exs. in Fractions : and the only general assistance that can 
be given to a pupil is to shew him the neatest method of 
performing the operations required 

Ex. L Multiply £8 17*. 6(2. by 75'25, and reduce the result to the 
dedmal of £100. 

(£8 17*. ed.) X (75-25) £8} x 75-25 
^ £100 " £100 

_ 8-875 X 75-25 
100 
667-84375 
^ 100 
=6-6784375. 
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Ex. n. Beduce —rrr- of ; . ^^ X - x ^7^ to a nmple quantity. 



8-27.5 , 2-5 .8-125 
405 

Moving the point three places to the right in two nmnerators and in 
two denominators, and again one phMse to the right in the numerator and 
the denominator pf the second fraction, the expression becomes 
m 



n^^ 


Ux (5x11x8 




11-90909.., 




9x0x8 


- 


1*82828282... 
6x8 




•22058872053872... 



8 

» -07351290684624..., &c. 

Since ayery large uxunber of decimals is non-terminating, 
it might seem that Tulgar fractions^ which are always 
expressed in finite terms, wonld be preferable for every 
purpose. Bnt this is not the case, for decimals have one 
advantage oyer fractions from the following consideration. 

In ascertaining the comparatiye yalue of two or more 
fi^actionai quantities,- if they be expressed as yulgar fractions, 
It IS necessary to rednce them to- a oonmion denominator j 
but if they are represented as decimals, mere inspection will 
detect tbeir comparatiye yalue, as readily aa can be done. in 
^bole numbera 

For example^ if we haye to compare A, JJ, Jf , we cannot 
see which is the greatest^ and which the least, without • re- 
ducing them to a common denominator : but if the quantities 
^ been ^tten in their decimal form, yiz. 

•4666 ; -44; -46428571, 

^e could see at once that the first is the largest; the last one 
^ the next;, aud the middle one is the smallest: thei'efore, 

C. A. 5 
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in order of magnitade tihej are ^, |f , H. The decimal form 
is more especially useful, wlien several fractional quantities 
are ammged in a table, and where it is requisite to be able 
to compare the different quantities at a glance. 

"We may take as an Ex. the 1 

accompanying table, in which f^^^ ;;;;;;;;; 2.*^ 

the numbers represefit the oom- Marble 2-716 

parative weights of equal bulks J^j^ Salt .'..*.....!..«' 1*92 

of different substances: or, as Ivory 1*917 

' ' IceatO<> -926 

they are generally termed, their | Water at 60<> 1 

Specific Gravities. 



Though the 5th and 6th numbers are veiy nearly equal, 
yet it can be seen at once that the 5th is larger than the 6th, 
by three thousandths: as fractions, these quantitieB would 
have been written. Iff; and 1^^; and the dififerenee could 
not have been ascertaaned by inspection. 

Exs. 35. 

1. Express as a simple decimal the (fifferenoe belfweMi f of -H *>^ 
{of ^. 

2. Simplify the foUowing expression : 

1-5 8-25 1-875 8*5 

8. How many times must *85 of a groat be repeated, to pvodoce 

•^ of a crown f 

4. Form the following quantities into a decimal table, as in (127), 
arranging them in order of magnitude : 

2i, If of 1-06, ^, 1-75 of 8. 

5. What is the average value of the above quantities, eacpreased as a 
vulgar fraction I 

6. Find the simple decimal equivalent to 1*$1 x (2*4 + 7*5). 

7* Express in positive terms ihe sum of 1*05 of a crown, *tli28S of 
a guinea, and *ld of 6«. 8cK. 

8. Convert ^ into a decimal, by multiplying both num' and den' 
by some common quantity. 

9. Beduoe 2{ of 1^ acres to tiie decimal of a 8qiiM» mife. 
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10» Find in s decimal finnn » fourth proportional to each of the 
following sets of numbers : 

ly % -375; 8-25, '0175, 1-01; ^, ^, 275. 
£z& 86. E. 

1. The i«oduct is 154928000, and multiplicand 42375 ; what is the 

2. How many calendar months in 8} centuries t 

8. If 90 degreesslOO grades, find the nnmber of degrees in 12| 
grades. 

4. A man enters into business with £20,000, and each year makes 
a profit of one-fourth of his investment, and adds that profit to his capital ; 
how much will he be worth in 5 yrs. t 

5. How many fathoms are there in a degree t 

6. If there are 860® in every circle, and in latitude 80® a degree 
=34*75 miles, what is the length of the circle which passes through 
latitude 80® ¥ 

7. What is the average length of the calendar months, including leap 
year! 

8. "Find the abstract number which expresses the ratio of £12| and 
17{ shillings. 

9. Assuming that the number of square feet in the area of an oblong 
Burfaoe is found by multiplying the number of feet in the length by the 
number in the breadth, find how many bricks, each 9 in. by 41 in., are 
required to pave a floor 97^ ft. long, and 81 ft. broad. 

10. Write an equation involving the signs of add", sub", mult", and 
div", and having the right-hand side^s 287. 

11. Explain the object and the process of redudngfiractions to a O.D. 
Keduce to L. o. D. }, |, f, f , explaining the woric. 

12. Convert into a vulgar fraction, in lowest terms, the sum of 
9 tenths, 8 hundredths, and 5 thousandths. 

13. Multiply the di£Eerence between 75 hundredths and 5 tenths, by 
8 thousandths; expressing the result as a vulgar fraction. 

14. Beduce the following, expression to a simple decimal :—- 

*(«i+2f-8). 

15. What decimal of £1 is | of 18s. 4d t 

P. 

1. There are 100 links in a chain of 4 perches ; how many links in 
a league t 

5—2 
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2. The wheel of m looomoiiYe whioh is 16^ ft. in oirouxnferenoe, tuma 
round 25764 times, how many miles will it have run t 

3. Find the cost of half an acre of building land, at Sb, 6d, per sq. yd, 

4. What is the expense of painting the walls of a room, 17 feet long, 
13ft. broad, and 10 ft. high, at 7d. a square yard t 

5. On a railway, from il to ^ there is a rise of 1 in 160 for } mile, 
of 1 in 330 for 2 miles 60 yards, then a fall of 1 m 110 for 1 mile 360 
yards, lastly, a rise of -^-^ for 1500 yards ; what is the height of A com- 
pared with ^ ? - 

6. A general sends away f| of his army, and then { of the resEiaipder ; 
he has now 1350 men, what had he at first ? 

7. Find the exact value of 'id of a moidore -^ *S7142$ of 2 gumeas. 

8. How many allotments, each 2r. 25p., are contained in 47i acres ! 

9. If there are 100 links in a chain of 22 yards, find how many 
square links are contained in an acre. 

10. A bankrupt owes £8840, and his property amounts to only 
£1656 ; how much will his creditors receive in the pound ? 

11. If a board be 23^ inches broad, how long must it be to contain 
15 square feet? 

12. If 500 slates would cover a surface 25 feet square, how many 
would be required for a roof 27 ft. by 36t 

13. What number divided by 17i will give 13^ ? 

14. To -j^ of a gross add f of a quarter of a hundred ; fiK>m thi^ som 
subtract { of a score, and divide the remainder by 17^. 

15. Simplify the expression f of ^, proving that the modo of 
working is correct ; and explain what is called etmcdiing, 

a. 

1. If the interest of the national debt be £1 28, 6d, each second of 
time, what is the amount per annum t 

2. How many bottles in 103 casks, each containing 9f docen t 

3. A person pays a debt of £280 Ss, in sovereigns, half sovereignB, 
crowns and shillings, of each an equal number ; how many of each 9 

4. What is the amount of the following items, 54ilbB. at St. 4}<1, 
241 yds. at 7V2.» and 512 pieces at 2f. 4{<<. I 

5. Express as a Vulgar Fraction, in its lowest terms, the sum of 
7 hundredths, 5 thousandths, and 375 tenths of thousandths. 

6. How much paper 1^ yard broad, will cover as much as 20 yards, 

of {yd. broad 1 

7. If 41b. of silver be mixed with 41b. 5oz. of gold, how much 
silver will there be to 6 oz. of gold ? 
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8. If one whose rent is £430 pays a tax of £80 6t. M,, wnafr should 
be the rent of a man whose taxes oome to £94 16«. l^d. ? 

9. Gunpowder being composed t>f nitre 15 parts, charcoal 8 parts, 
and sulphur 2 parts ; find how much of each is required in making 16 
cwt. of powder. 

10. I take suocessiyely \ and then ^ of a sum of moneyi and find 
that I have left £15 ; what was the simi at first? 

11. -Explidn the two methods of multiplying a fraction by a whole 
number, taking as an Ex. ^ x 3. 

12. In a bridge of 7 arches, the middle one is 75 feet span, and the 
others on each side are -^th less in each succeeding arch ; find the whole 
length of the bridge, allowing 15 feet for each pier. 

18. l^d the value off -r^^^^)*** ^'^^^^^^'^£^^' 

14. What is the price per lb. of an article, of which 1*5 cwts. cost 
113-75 shillings t 

15. £xpress in positive terms '37d of 27«. 6(2.-' I'S of 2 gumeas. 

H. 

1. How many bottles of wine in 12 pipes, at the rate of 52 dozen 
9 bottles each pipet 

%, Find the number of square yards in an area, ^ a mile long^ and 
7 of a mile broad. 

8. If one man thrash 7 sheaves of com in a day, and each sheaf yield 
8^ pecks^ and each peck 15 lbs. ; how much in quantity and weight will 
15 men thrash in 6 weeks! 

4. A general having an army of 24,000 men, increases it onehtbird 
by recruiting ; afterwards he loses one-fourth by disease, and of the 
remainder one-fifth fell in battle ; how many men has he left I 

5. How many fathoms in a degree ? 

6. What is the ratio of a geographical mile to a British mile t How 
many geographical miles must I measure, so as to contain the least exact 
number of British miles I 

7. If a person step at an average 2'ld feet, how many steps must he 
take in -825 miles t 

8. Beduce -yfr to a decimal without using Long Division ; and shew 
that ifr^ '024, without dividing at alL 

9. Find the value of 4*25-^ '10625, proving the result by Tulgar 
Fractions. 

10. Write in words -75, 2-0824, 17-000001. 

11. Find the value of (£25 16s. 7|cf.) x 8cf^. 
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12. The circumferenceB of thie fore and bund wheels of m carrui|pe are 
respectiyely 9f-fi. and 13^ ft.; fix»d how many more reyolutioDS one 
makes than the oiher in 10| miles. 

18. What fraotion of agmaeaandahaH; together with £8 14f. 9<L, 
wiUgive£4? 

lit SyhiUt as a silI^>le ynlgar fraction the resnlt of 

•37-5-1-17 X •052-7-1 S. 

15* Find the ratio between the product aQd quotient of ^7 M|4 *^7. 



PRACTICE. 

128. PRAcrriCB is a rule which endeavoum to aheir the 
raadieflt method of finding the cost of bxlj number of ajftides 
at a certain price : and the work exhibited in any Ex. con- 
sists of a series of amounts such as a person would try to 
obtain, if he were working the question mentally. 

Thufl^ if I had to find ihe yalmd of £filhs. at Ij^ eaoh, I 
should say^ 54 at Id, - Bid. = 4:8, 6d. ; and .54 at ^ = 54 
hal^ence = 27d, = 28, 3d. : and therefore 54 at 1^* = 4«. 6d, 
-f 28. Sd. = 6«. 9d. 

129. But if the number of articles had been naiich 
larger, or the price much greater^ the value of them could 
not readily have been obtained mentally: we therefore, in 
Practice, use the above method of mental calculation, bat we 
write down the successive results, and find their sum for the 
final result. 

The Exs. to be worked under this Bule may be anrange^ 
as follows :--»- 

When the price is under a shilling, as 

Ex. I. 4108 at 7|d 
When the price is between 1^. and £1, as 
Ex. n. 4103 at 78. 5ld. 
Ex. III. 6009 at 19«. d^d. 
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When the price consists of more than £1, as 
Ex. IV. 7111 at £1 17s. i^. 
Ex. Y. 4013 ait £12 7«. 0^. 

When there is a fraction in the given number of quan- 
tities, as 

Ex. VI. 65S3fg at £1 19«. llfe^. 

When there is a fractional part of a penny other than 
^rthings, as 

Ek. vn. 4176 at £3 58. 4^. 

When the quantity, the price of which is required, con- 
sists of several denominations, as 

Es. vm. 91b8. 3oB. 14dwt. at £10 150. M. per Ik 

130. Mention ma made in (64) of certain fr^K^tional 

parts of £1, Is., &c., wbicli were termed aliquot parts of 

• 

XI, la., &a It is advisable to have such parts of the denomi- 
nations most in use familiarly in the mind; but a pupil will 
find in PsAoncs, that be has to take aliquot parts of many 
other quantities which are intermediate between sudi stand- 
ard xucdts as £1, Icwt., &o,: and nothing will render him 
exp^i in taking such aliquot parts as he will require, but a 
readiness in the treatment of fractions. 

The following are the most useful aliquot parts of £1 
and 1&, and should therefore be. remembered. 



108. 


Od. 


= i£ 


6«. 


Sd, 


= i„ 


5s. 


Od. 


= i» 


49. Qd, 


«i» 


8«. 


id. 


= i» 


Z8.6d. 


-t„ 


l8. 


Sd. 


T7»# 


li. 


id. 


"Tk"** 


li, Sd. 


^■nr** 


l8. 


Od. 


~"!nr>> 



ed. 


-. 


\ shilling. 


id. 


IS 


i 




Sd. 


= 


i 




2d. 


sa 


1 




lid, 
Vd, 


= 


i 
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In all oaaes we Bhall find, that wliere the price given is 
not an aliquot part of the unit of the next higher denomina- 
tion, it is neoeesary to split the price into two or more por- 
tions, of which the largest must be an aliquot part of this 
« said unit, and the remaining portions are aliquot parts either 
' of this same unit, or of some one of the portions already used 
in the Ex. 

Ex. L 4108 at 7 id. 

In this Es. since the price 7f d. is not an »liquot part of !«., I 
therefore break up this price into three parts, 6d,, l^d., and •}<I., of 
which the largest, 6d, s^ of Is. the next higher denomination; the next, 
1-^. is an aliquot part of 6d., viz. -(th ; and the last, ^d. ia -(th of l^d, 
"Sow, I know that 4108 articles at Is. each would cost 4108c. ; theretfore, 
4108 at td,, f. e. at ^., oost 4108 times ^, or 1 of 4108«. : I theiefoie 
find the value of this quantity and write it down, viz. 2054«.- So aiso, 
4108 at Hd. = 4108 at i of 6d, and therefore^^th of the value of 4108 
at 6d., which was found just before Similarly, since ^d. =s|th oTl^d,, 
therefore 4108 at ^.s^th of the previously found value of 4108 at 1^. 

Hence the sum of my 
three amounts at 6c{.,l-)d., 
and id,, will be the total 
value, at 7ld. The whole 
of the operations which 
have just been described 
«re to be written out in 
the accompanying sh&pe. 

Had the price been below 6d,, as for instance 3175 at 2|<2., we should 
have taken as parts 2d. =•)«.; ^d.s^ of 2d.; and id,^i of |d.; and the 
remainder of the work as before. 

In the second division in Ex. L 4 being a divisor, I had 

20549. 
to find the value of — j — - = 513^«. = 513«. 6d; and gene- 
rally, when, as in (64), a number of shillings, or pounds, is 
divided by a divisor, and a rem' is left^ the fractional quo- 
tient can be converted into positive terms cU ancey and more 
readily than by the usual method, in which the remainder is 



Ex. L 


4108 at 7ld. 


4108 


A price 6d. 
lid, 
id. 


» \9, giYCS 

= io{6d. „ 
«ioflld. „ 

2,0 


2054 
513 6 

85 7 


TK 


265,8 1 


— -* 


£ 


:i82 13 1 
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reduced to lower den% and the diviBion again performed. 
X>ut in the next line, where the divisor is 6, we have to take 
a abcth part of the 6d. as well as of the 513«., hence I have 

■ ^ 8 , s= 85^8. = 858, 6d.; and this, with the sixth part of 6d., 

viz. IcLy becomes 85«. 7d Though it takes a long time to 
explain these processes, jet a pupil who is quick at working 
fractions will obtain the above results more readily than I 
can describe them, and much time will be saved hy their 
use: but those who prefer the usual method of reducing the 
remaiBders, as in Compoimd Division^ can of course adhere 
to it. The 2653 in the result evidently consists of shillings ; 
and from this Ex. we see that the highest daiomination. in 
the sum of all the separate amounts is the same as that of 
which we took the first aliquot parts; and so also is the first 
remainder obtained in each of the divisions. 

Ezs. 37, 
d. d, 

1, 1857 at i. 7. 6329fttl0. 

2. 7151,, f 8. 8637,, 84. 
8. 8982 „ IJ. 9. 11071 „ 10^. 

4. 6110 „ 5i. 10. 7705 „ lOf. 

5. 8467 „ 9i. 11. 8966 „ llj. 

6. 7403 „ 9i. 12. 8793 „ 11{. 

Ex. n. 4103 at 7«. 5^. In breaking the price 

4103 7«. 5id. into parte, we find 

A price 5«. Od. = )£ givee 1025 15 that 2b. is ^th of £1, and 

2f . 0<i. =A£ „ 410 6 not of the previoufl aliquot 

{tztoi^.: nil? Part5*.;hence,individing 

Jd. = i of Id. „ 4 5 54 ^y 10» "^e «««* ^^^ " 

7,. 5id. £1525 16 Of dividend, not the line cor- 

'■ • responding to 6$, but the 

top line^ 4108, which is the value of 4108 at £1 each: and in taking 
aliquot parts, we must always be careful to take as dividend, that line 
which expresses the value given by that coin or denomination of which 
we are taking an aliquot partb 

6^5 
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Obs. In this and the pveoeding Ex. I have written the 
denomination of which the aliquot part has been taken in 
every line: but for the future I shall generally onut the 
denomination when I am taking an aliquot part of the line 
preceding, but insert it when I am taking a part of some 
earlier dividend. 



ExB. 88. 



1. 

3. 
4. 

5. 
6. 
7. 
8. 



7992 at 1 7i. 



8495 
8708 
8222 

1007 

1178 
4861 
3672 



9f. 
„8 7i. 

6104. 

7 Hi. 

8 8i. 
» » Oi. 
„ 7 10. 



ff 



»» 



if 



t» 



«. d. 

9. 10205 lit 4 10|. 

10. 7248 „ 9 li. 

11. 12826 „ 

12. 8798 „ 
18. 1250 ,, 

14. 7108 „ 

15. 11489 „ 

16. 12146 „ 



Ex. m. 6009 at 19^. 5^J. 

A price 10«. Od, = )£ gives 
6t. Od, = i 
it.Od, =i£ 
id. «=A 
Id. =i 

4^ = 4 



fipoin 



19«. 5id. 



6009 




3004 10 




1502 5 




1201 16 




100 8 




25 


9 


6 5 


24 



£5839 19 



8 Hi. 

9 7iw 

91H, 

8 &i. 
910. 

9 Si. 

This Ex. 
the preceding, only in 
having the price above 
10«. In such a case we 
always take 10«. as the 
first aliquot part • and the 
21 remaining shillings and 
pence as aliquot parts, 
either of 10«., or of any 



lU 



amount which has been used in the course of the example. Sometimea 
it may happen that a Eecond aliquot part of £1 is taken, as in 16«. 8d., 
where I should take 10«.=|£, and 6«. 8<2.si£. 



1. 

2. 
3. 
4. 
5. 
6. 
7. 
8. 



18147 at 10 6^. 

3501 „ 13 9. 

6234 ,, 11 4^. 

7646 „ 16 0|. 

5431 „ 15 Hi, 
11040 „ 16 10. 

2067 „ 17 81. 

3459 ,, 18 6. 



Ess. 39. 



9. 

10. 

11. 

12. 
13. 
14. 



1948 at 19 0. 

8218 „ 15 10|. 

12327 „ 17 lOf. 



12497 „ 19 lOJ* 

14839 ,, X8 Oi, 

jL«. 4103 „ 14 lOf 

15. 12018 o 19 (HI. 

16. 8972 „ 19 9^, 
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Ez.iy. 7111at£.im. 4^ 



Apiice£l 0». ad. ' giveB 

lOi.Od. «!£ 

2«. Od. =^V^ 



id. =1 



£1 17». ^d. 



99 
ft 

f* 



7111 
3555 10 
1777 16 
711 2 
118 10 4 



Henje7llllflilMyaliia 
of 7111 things at £1 each ; 
therefore, if I find th« 
value of 7111 at 17». Hd., 
as in the last Ex., and add 



14 16 8^ in the top line as £7111, 



£1 8288 13 7\ I shall obtain a correct 
** result. 



1. 
2. 
8. 
4. 
5. 
6. 



£ $. d. 

1082 at 1 11 5|. 

S649 „ 1 61. 

15432 „ 1 10 1. 

6666 ,,18 0). 

5741 „ 1 17 6, 
7891 „ 1 14 11. 



EzB. 40. 



£ t. d. 

7. 11000 at 1 4 9|. 

6. 1572 ,, 1 12 Hi. 

7588 „ 1 11 8J. 

19345 „ 1 13 5. 

1548 „ 1 19 7h 

8754 „ 1 19 lOi. 



9. 
10. 
11. 
12. 



Ex. y. 4013 at £12 7a O^d. 



4018 
12 



Here, sinoe £4018 re- 
|>eated twelve times gives 
the value of 4018 at £12 ; 
therefore I must multiply 
the 4013 by 12, and add 
the product as pounds to 
the other amounts ob- 
tained by proceeding with 
the 7*. OJcJ., asin Exs. III. 
and rV. The last division, by 48, cannot of course be performed men- 
tally: a pupil may obtain the result by Long Division, and merely write 
down the amount. 



Aprioe£l2 Oa Oi2. gives 

5«. Od. »i£ „ 
28. Od. =yV^ »» 

£12 7s. Oid. 



» 4 



48156 

1003 

401 

8 



5 

6 
7 



n 



£19568 18 2^ 



Exs. 41. 





£ $. d. 




1. 


6241 at 8 8 7i. 


10. 


2. 


999 „ 4 19 9|. 


11. 


3. 


5688,, 61710. 


12. 


4. 


1429,, 81910f 


13. 


5. 


4108 „ 17 17 Hi- 


14. 


6: 


lOlOl », 9 9 10. 


16. 


7. 


864,, 2017 6. 


16. 


8L 


1875 „ 13 13 7. 


17. 


9. 


4273 ,,.18 17 8}w 


18. 



£ 9. d. 
5482 at 17 15 lO^. 

7701 „ 6 3 7i. 
7082 „ 11 8 H. 

7702 „ 10 17 6^ ^ 
8764 „ 18 14 7^. 
5605 „ 9 19 Hi. 
2807 „ 29 7i. 

11078 .„ 35 15 ?. 
. 8970 ,, 63 14 §. 
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Ex. TL 6583f, at £1 19«. llfd 



A prioe £1 0«. Od. giTes 

58, Od. =i 
4«. Od. =|£ ,, 






Id =A 



ft 



6583 
3291 10 
1645 15 
1316 12 
274 5 10 
27 8 7 
13 14 3^ 
6 17 H 



EzB. rV. juid V. only in 
the presence of the frac- 
tion ^, I iJierefore, after 
haying proceeded with the 
smn, as though the -^ were 
not there, find the valiie 
ofA&t(£119«.ll|<{.)*-& 



^Qi£l 1»«. 11K = .^11344 <rf A of (£1 19«. U\d.) 



Aprioe£l 19». llfd. giyee £13160 4 



2^ which, according to the 
method of Ex. IV. in (84) 
. =£1 1«. 8«<i. . 
The value of the -^ might also have heen thus ohtained: 

15"*15'*"l5"8"*"5' 
I might therefore have taken one-third and one-fifth of £1 19«. 11{<2. vA 
their sum would have amounted to £1 1«. 3H<i.y as before. 



Exs. 42. 

£ «. d, 

1. 142871 at 10 13 10|. 

2. 377914 „ 14 4 4f . 

3. 8976f„ 7 15 Hi. 

4. 4149/r ,,0 8 7. 

Ex. TU. 4176 at £3 5«. 4^ 



4176 
3 



A price £3 0«. Od. gives 

5«. 0({. = |£ „ 



£ 9. d. 

5. 4538$ at 16 6. 

6. 1008,3^ ,,4 8 6. 

7. 2711 A ,,7 3 8. 

8. 3714Ar „ 2 9 llj. 
The presence of the 

fraction A^ ^ the onlj 
point in which this Ex- 
differs from III. and IV. ; 
and just as we break up 
y,. into \d, and \d„ so 
this -f^, must be broken 
»j\ up. into such portions as 
7i will be aliquot parts of \d, 
____ 2? vi£.(A+A+A)tf.,«r*^ 

If in this Ex. there had been a fraction at the end of the 4176, as in 
Ex. yi.| we should have proceeded with it just as with the ^ in that £l- 

Ex8. 43. 

Qi% ' £ s. d. 

^. 4. 2486^ at 18 7i. 

9(. 5. 4321 ,, 1 6i. 

5f 6, 4231 ,, 11 8i. 



_ 1 



9t 
if 



\d,=^oiid, 
of 4d 



id.=Tfe 



12528 

1044 

69 12 

8 14 

8 9 

8 9 



£3 5«. 4A 



£13657 5 





£ «. 


1. 


5189 at 110 


2. 


7485 ,,4 5 


3. 


1111 ,. 14 6 
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Ex. ym. 91b. Soz. 14dwt8. at £10 15s. 6d per lb. 

Hitherto we have had the quantities whose value was 
required expressed all in one den''; and we could therefore 
repeat the highest den'' of the 'price, as for instance, £1, as 
many times as there are units in the given quantity, and 
then take parts of this highest den'' for the remainder of the 
price. But in Ex. vui. we cannot place 91b. 3oz. 14dwt 
in the top line, and multiply it by the 10, because the result 
would not be £10 repeated an exact number of times: I 
therefore place the £10 15«. 6d, in the top line, and multi- 
plying it by 9, I obtain the value of 91b. atr£10 15& 6d per 
lb.; and thB value of the 3oz. Hdwt. will be found, by 
taking the same parts of £10 I5s. 6d that doz. Hdwt are 
of lib. Thus working, we have 



i 

Talueof91b. Ooz. Odwt. k 

8 =}ofllb. „ 

10 s=iof8o2. „ 

2 =4ofl0dwt.„ 

2 sioflOdwt. ,, 


;io 15 6 

9 

96 19 6 
2 13 lOi 
8 11} 

1 m 
1 m 


91b. Soz. 14dwt.» £] 


100 6 IItjV 
JIO, 


/ll .11 . 8 . l\j 11 + 11+16+ 
V20'*'20"*"i"*"2r*"* 20 
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Also, rince Soz. 14dwt.=8tJoz.=8Ao«-=-^ih.=!-j^lb,, therefore 

the Ex. may be written 9^ lbs. at £10 I5t, 6d. per lb. ; and it is then 
similar to Ex. VL 

Exs. 44. 

£ 9, d. 

1. 51b0. 10 oz. (Avoirdupois) at 6 6 per lb. 

2. 98Ib8. 8oz. Idwt. 6grB „ 4 10 6 „ 

3. 800 cwt. Oqr. 16 lbs „ 14 19 6^ per cwt. 

4. 99tim8 3hhd8. 16galB ,,128 18 » pertun. 

6. 166gro«8and76 1 10 6 pergrosB, 
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6. 135 qaarten 7 buBbels at 2 17 8 per quarter. 

7. 6toii8 7ewt. 2qr8. 171b8. „ 8 10 7 per ton. 

8. 87QarsS]nonth«20da79 „ 5 7 6| per year. 

9. 15 reams 9 quires 6 sheets „ 16 9 per ream. 

10. 46 days 11 hours 35 minutes ..,„ 1 1 5^ per day of 12 hours. 

See Afpekdiz, Decimal Coinage. 



£zg. 45. 
MISCELLANEOUS EXAMPLEa 

1. What cost 1351 lbs. at 2«. 2id, per lb. t 

2. A bankrupt pays 13«. 9d. in the pound upon. £1575, how much 

money did he divide f 
3« Find the value of 2078} yards at St. 7|(2. per yard. 

4. What is the tax on ^812345 15«. at Ss. 7id. in the pound? 

5. Find the worth of 24150 rupees at 1«. Hid, each. 

6. A gold snuff-box weighed 7oz. 15dwts. 15grs., find its value at 

£4 $8. M, per oz. 

7. If 29. 3c2. in the pound is paid on an income of £1050 ; what is 

the net annual income t 

8. My daily expenses are IQt, lljcf. ; how much can I save out of 

an income of £250 ! 

9. Find the cost of a silver epergne weighing 175 oz. 14 dwts., at 

458. 9d, per os. 

10. What is the value of 3r. 17p. 25^ yds., at £125 per acre ? 

■ 

131. In many Exs. similar in princ^le to those given 
above, a knowledge of fractions will enable a pupil to employ 
very brief methods of working; as, for instance^ if I had 317 
at 168. Sd,y I should saj 

317 at 16«. 8cf.=317 at|£ = ^£=264i£=£264 3». 4d. 

... 

Again, to find the value of 754 at 78, 7d, 
754 at 79. 6d = 754 at g£ ^^£ = £282{ ; 

= £282 15*. 
and 754 at ld. = 754d.=62s. lOrf. 
therefore, 754 at 7«. 7(2. ;s £282 15«. + £3 2«. iO<2. 

b£285 178. lOcf. 
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This method is especially worth notice in short Ezs. 

Thus, 97 at 7id=97x |«.= ^«.=60i#.=£3 0#. 7id. 

Again, when the price is an even number of shillings, 
under 20, as 327 at 16^., we maj work as follows : 

827 at 16«.=827x 1 £= ^^£^261^:=^ £261 12#, 

and this mode of working is comprised in the following 
role : 

Multiply the given number by half the given piice^ 
doubling the first figure to the right-hand for shillings, and 
calling the rest pounds. 

Thus, 827 

8 

£261 12«. 

= ■ ■ =» 

We may also observe, that since the cost of 12 things at 
Id, each = 1&, therefore^ that of 12 things at S^d, = 3^. 
= 9s, 6d, and of 12 things at l^d. => 7|«. == 79. 9d ; i.e.ifl 
have the price of one article in pence and a fractional part 
of a penny, the price of 12 articles will be expressed by the 
same figures as sh llings and parts of a shilling. 

Hence, also, the value of any multiple of 12 things may 
be readily expressed as above, if the price of one be given in 
terms of pence, 

Ek. Find the yaltie of 96 lbs. at lOid, 
Cost of 12 lbs. at 10^. s 10^. =109. Sd. 
therefore, cost of 8 X 12 lbs. at ia|c2.=:8 x (10«. 8d.)=82f. 

==£4 28. 

With a little practice, such an Ex. as this might be 
worked mentally, more quickly than it could be written. 
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APPLICATIONS OF PROPOKTION. 



RULE OF THREE. 



The Artides marked thiu (*) may be omitted by thooe wbo liava not 
read Fraotioxu. 



132* In articles (65) to (76) the subject of Proportion 
has been fully discussed : and our business now is, to shew 
how to work Exs., which are in reality only different forms 
of the question asked in (73), viz. : If three numbers be 
given, what fourth number must be chosen, such that the 
four, when taken in order, shall be proportionals) 

133. The Rule of Three is so called because in the 
questions given under this head there are three quantities 
proposed. These three numbers, when placed in order for 
working an Ex., are called terms* In using the expression 
first, second, and third terrmy we intend to indicate the 
manner in which these three given quantities are arranged. 
Thus, if I were to write 9, 8, 24, as firsts second, and third 
UfrvM respectively, in the sense here intended, I should have 
1st 2nd 3rd 

9 : 8 :: 24 

where the dots placed between the terms are signs which 
express th6 relation existing among these terms, so that 
with them and the fourth term a Proportion is formed. 
When any three terms are properly arranged at the com- 
mencement of an Ex. in Rule of Three, they 9^0 said to 
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form a Staiefnent: and the question is said to be stated. 
So long as only three terms are contained in a statement^ the 
question is said to be one of Simple' Ptoportion: but sbme- 
timee more than three quantities require to be so arranged : 
the question is then said to come under the head of Com- 
pound Proportion^ or, as it is sometimes called, Double Bule 
of Three. ^ 

It is Here evidently auumed that the three quantitiefly with the 
required fourth, will form a proportion. But to ascertain whether this 
is true, we must apply the tests given in (75) and (7d) ; and if either of 
theee is satisfied, the question may be worked according to the prinnples 
established there, and which are more folly drawn out in the next two 
Articles. 

In the Appendix (Art. Proportion), three examples are produoed, in 
two of which the existence of proportionality is shewn, which an ordinaiy 
learner oould not assure himself to he true; and in the third, he might 
hastily assume that one of th4 usual forms of proportionality existed, 
where it Is noC true. 

The pupil may work any ordinary question in the Bule of Three by 
the method given below; and it is to be observed that the process gives 
the solution without assuming the quantities to be proportionals; and, 
at the same time, by giving the same result as when they are so treated, 
shews that they may be rightly treated as proportionals, according to 
the common rule. 

Ex. I. What is the coach fare for 180 miles, if it is ^1 9«. 4ci. for 
85inilesf 

The charge per mil^ is unifoim, and the same in both parts of the 
question; hence, if 

The fftre lor 85 miles be £1 9«. id, 

„ 1 „ wiU be A of £1 9#. 4(1. 

„ 180 „ „ ^of£19«. 4d. 
the same result as would be obtained by the ordinary method. 

Ex. II. Jf when a peck of flour is sold for 1«. 4(2., the penny loaf 
weighs 12 oz., how much will It weigh when wheat is 2«. t 

At a rate of 16(2. per peck, Id, buys 12 oz. ; and since, when the flour 
is cheapen, Any sum, as 1(2., will buy a proportionately larger amount of it, 

.*. at a rate of \d. per peck, 1(2. will buy 16 times as much as when 
.it was at 16c2. per peck, 
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.t.e. »t Id per peck. Id. will hny 16 x 12qs. : 

■inoe alao when the A)iir ui dearer, the Id will buy proportionally Ibbb; 

16x12 
.*. »t 24d per pecl;^ Id will bay — ^ — ocsSoe. 

Though the method here thews diepeBsee wilSi ike neoeenlj of mmg 
% statement, and is very valuable as a discipline to the pupil's mindy yet 
it requires greater dexterity in applying principles and in employiz^ 
iraotioDfl, than many pupib possess wlio hare advsaioed as &r as Bnle of 
Three; and this applies still more strongly when we bome to CompouBd 
Proportion, and other Applioaldons of Proportion, as we shall presently 
see; so that I think teachers will generally find it necessary to employ 
the common mode. 

134*. Obfliervmg (73) and (74), "we leam €tte following 
relations between the fbur terms forming any Proportion. 

1st ThfUb tbe third and fourth terms aro of the same 
kind, i. e. ihat the Hiird term mnst always be of the same 
nature as the one required* » 

2ndly. That the first and second must always be of the 
same kind; and that they must be reduced to the same 
denomination, if they be not already so expressed. 

3rdly« That the fourth tenn is obtained by muttipiying 

the third term by the fraction y—; or, if this opeimtian be 

performed at two steps, we multiply by the second term, and 
diyide by the fiuBt 

4thly. That if the second term be greater than the first, 
the fourth term will be greater than the third; but if the 
second term be less than the first; then the fourth term will 
be less than the tibird. 

dud 

(fthly. That since the firaction -y-- is an abstract num- ' 

ber, therefore the fourth term, which » -r- x 3rd, is of the j 

1st ' 

me denomioation as that in which the third was expreesed. 
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Coiledang together these &ctB| v« deduce the followin|^ 
Kola 

1^. RuzoB. FiiulQiit theiiatoi^of tbe quantiltyfioaght 
b^ the questioii; i, €• oi the required fouiih tem^ 

Of the three quantities given in the question, find thttb 
vhich h of the same ^Euiture as the fourth tann, end take 
that quantity as &e third term. 

In order to plaoe the other two quantities in their proper 
situations, inquire whether, from the nature of the question, 
the fourth term will be more or less than this thiid term : 
if morej make the larger of the two remaining quantities the 
middle or second term; but if leaa^ make the smaller the 
middle term: the only remaining quantity must of course 
fill the first place. 

If the first and second terms be not expressed in the 
same denomination, reduce them till they become so : and if 
the third term consist of several denominations^ reduce it to 
the lowest name mentioned. 

Then multiply the second and third terms together, and 
divide the product by the first: tiie quotient will be the 
answer or fourth term, expressed in the same denomination 
as that in which the third t^rm was left. 

If ihis quotient be expressed in too low a denominai^on, 
[as, for example, 1257 &rthings, or 1836 dwts.,] let it be 
reduced to a higher denomination: [as £1 68. 2^. and 71b. 
7oz. 16dwts.] 

136. I will now proceed to work some Exs, which will 
illustrate the different varieties that may be expected under 
the head of Simple Proportion: and it will be found that 
the principal difficulty consists in arranging the three terms 
according to the directions prescribed by the Kule. This 
is especiaUy the case^ when the question is given in such 9- 
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shape, that the three terms cannot be immediaiely obtained 
from the question as it stands. I will explain this • mor« 
fnUy as I go through the various kinds of Shu. When the 
SkUement is once obtained, the remainder of the work 
consists merely of Multiplication, Division, and Beduction. 

I recommend a pupil to work every question that 1 have 
worked, so that he may the better see the correctness and 
ascertain the object of the successive operations in any 
Blzample. 

Ex. I. If 12 yards of oloth cost £19, what wiU 8 yards cost t 

Here I see that the required fourth term will be money; I therefore 
place the £19 in the third term. Also, the fourth tenn, which is to be 
the price of 8 yards, will be UiS than the third term, which ia the price 
of 12 yards ; therefore, according to the Rule, I place the smaller of the 
two remiuning terms, »» e. the 8 yards, in the middle, and the 12 yards in 
the first place. 

The first and second terms are already in 

12* : 8 :: 19 ^^® same name, and the third term cdontains 

8 but one denomination, therefore no redaction 

12 JTM is required. I now multiply the second and 

£12 13«. id. third terms together, and divide by the first: 

"'^^'^^^'^^'^"'^^ the answer is £12 18». id. And this fourth 

term and the other three terms form the following proportioQ:-'^ 

12 yds. : 8 yds. :: £19 : £12 ld«. id.. 

or in words, 12 yards are to 8 yards, as £19 are to £12 18«. id. 

Ex. II. If 17cwt. 8 qrs. and 14 lbs. cost £8 18«. 9(2., how much may 
be bought for £5 I2a. 6(2. at the same ratet 

The fourth term will evidently be expressed in weight ; therefore I 
put 17cwt. 3 qrs. 14 lbs. in the third term. I now ask this question: 
"If the quantity in the third term can be obtained for £8 18s. 9c2., will 
more or less be bought for the £5 12«. 6c2. V* evidently less; therefore I 
place the less of the two prices in the middle, and the remainiug one first 
The first and second terms are not expressed in any single den<»nination; 
I therefore reduce them to threepences, which is the highest denomination 
to which they can both be reduced. Also, since the third term consists 
of more denominations than one, I reduce it to the lowest denomination 
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lentioiied, yix. lbs. After I have multiplied the leoond and third terms, 
^^etlier, and divided by the firet, the quotient is 1260, which ooniistaof 
>9.» beoaose the third term was expressed in lbs. This quotient^ when 
sduoed to higher denominations, becomes 11 owt, Iqr, 
£ i. d, £ 9. d, cwti. qn. Uh. 

8 18 9 : 5 12 6 :: 17 3 U 
20 20 4 

178 112 71 

_1 — t 2a 

715 450 582 

= = 342 

2002 
450 



100100 
8008 

715; 900900 (1260 lbs. 
715 

1859 

1480 «« C i) 1260 



! 



4290 ( 7; 315 

4290_ 4J45 



11 cwt» 1 qr. 



I will now give a few Exs. in wMch the difficulty con- 
sists in preparing the question for being stated ; but I sliall 
merely show how to overcome the difficulty, and leave the 
question to be worked out as in the former Exs. 

Ex. in. A bankrupt's efSPects amounted to £980 10f.» and he paid 
his creditors Ids. 4d, in the pound; what was the amount of his debts! 

At first sight there appear to be only two terms in this question, but 
tlie £1 furnishes another term. Now all the three quantities are money; 
but by reading the question thus : "If 13«. id. be paid for a debt of £1, 
what debt will be paid by £980 lOt^ f " I learn that 13s. 4<2. and £980 lOt. 
are money jpauf, and the £1 is money awed, or ddtt; and sinoe the fourth 
term is debt^ I place the £1 in the third term. Also, the debts which are 
paid by £980 10s. are of course more than this third term; therefore X 
place the lai^ger term, £980 10s., in the middle, and 18«. 4(2, in the first 
place. The statement will then be 13s. id, : £.980 10s. :: 1£. The 
fourth term will be found to be £1470 15s. 

137*, The four terms, arranged as a proportion, will be 
18f^ id. : £980 10s. :: £1 : £1470 15s. 



lis APPUGATIOKS OF PBOPOBTION. 

cr, as two equal ratiotH* 

18<. id. £1 

£980 10«. " £1470 15#. 

wMch, expressed in words, indicates that tlie paymdnt, 13& 
4d.f is tlie same portion of the whole payment J&980 10& 
that the debt of £1 is of the whole debt £1470 Us. 

188. Ex. lY. How much may a person spend in 78 days, if he 
wishes to lay by every year 50 guineas out of an income of £450 ? 

Since I wish to know how much may be spent in 78 days, I muit 
ascertain how much is spent in one year: I therefore subtract the 50 
guineas, which are saved, from tlie whole income of £450 : the remainder 
is £397 10«., and the question now becomes — "If in 865 days I spend 
£397 lOf.^ how much may I spend in 73 dayst" The statement wifl be 



days. days. 



£ f. 

450 

52 10 



865 : 73 :: 897 10 
and the required sum will be found to be £79 10«. 

Ex. Y. If the sixpenny loaf weigh 81bs. when wheat is 6«. per 
bushel, what should it weigh when wheat is 6«. 9d, per bushel? 

This seems a very simple question, but most pupils make an error in 
the statement ; for, after correctly placing the 8 lbs. in the third term, — 
when they ask the question, as to whether the answer will be more or 
less than this term, they reason that if the loaf weigh 81bs. when wheat 
is at 6«., it will weigh more when wheat is at 6«. 9(2. ; whereas, since the 
wheat ii dearer, we ought to have a less weight of bread for the same 
money: and the statement will be 

6«. 9d, i 6s, :: Slbs. 

Where questions are met with involving the necessity 
of finding the area of a surface^ or the volume <^ a BoUd, we 
must refer to Art. Duodecimals; or, if the dimensions are 
expressed in any single denomination, we may refer to Arts. 
{22) and (28) in Part L of the Axithmetia 

139*. I will now by a few Ex& illustrate the use of Frac"*. 
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Ta&iag llw Btatement alreftdy BUkde in Ex. UL, I bavd 
•» XV . 2nd . , £980 10«. ^ ^, 

Foortk torn- 3^ X 8«1- ^5j^^ X « 

(when first and second are re-v «oni a 
daoed to a fractional part ] s ^ x £1 

.(!|Jx.xD. 

5883 _ _ ^,-*. A 
« -j-£«14T0i£ 

e£1470 151. 
Agaia, In Bx. V* 

FoBrtb terms ^ x8Ita.= ^ x81bs.»5iy|^lU.« |lbg. 

T !| 3 s 2}lb8. 

Ex. VL If 4{os. ayoirdupoia cost ty,, what will ^^hB. ooet I 

4ioi. : SiflbB. :: 8{|<. 

Fourth term= ?^ x 81if.= '^^^^ x '^V 

s s 

X287 



-^'^^^x^^x^S^x ^^.-1^ 



16 

s£lS9«. Off. 

Questions wherein fractional quantities occur in the 
terms may also be worked by the use of Decimals; but this 
is not generally an advantageous method of solving them^ 
especially when some of the decimals are circulating. See 
Ex VL in (119). 

Ezs. 46. 

1« If 24 men earn £ZS, what snm will 42 men earn at the same ratef 
2. In how many days will 5 guineas be spent, at the rate of 7 shil- 
lings in 8 dayst ^ 

8. A wbH containing 872 square feet is paid for at the rate of 
1«. 10}<l. per square yard; find the cost of the whole. 
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4. How mukj^ jfst^ of papcff^ 27 iacheB wide^ will hftDg ik toom 
1^4 feet round and 10 feet high? 

6, If an aere is 220 yardi in length, and 22 in breadth, what muat 
be the length when the breadth is 27^ feet? 

6. If I can bny 15|ydB. of cloth for 10 guineas, how much oao I 
buy at the same rate for £283 17«. 6<2. ? 

7« An income of £150 pays a tax of £4 7$, dd, ; what will be the 
tax upon £586 li.? 

8. If the carriage of 15^ewt. for 56 miles oome to lOiu M,, how 
much can I have carried 72 miles for the same money! 

9. The carriage of 4 cwt. for 72 miles cost 15s. 9(2. ; how many lbs. 
can be carried 18^ miles for the same sum? 

10. A field of 16 acres produces 440 bushels of wheat : how mnch is 
that upon every 22 square yards ? . 

11. A creditor agreeing to receive £51 for a debt, finds that he htas 
been paid at the rate of 128, 9d. in the pound; how much was the debt? 

12. Three men who weave at the rate of 5} yds. per day, finish 119 
yds. in a certain time : at what rate per day must they weave^ who finish 
85 yds. in the same time ? 

18. If 15 men eat 85 shillings' worth of bread in a certain time, when 
wheat is 12s. per bushel; how much may they eat at the same cost when 
wheat is 7s. per bushel? 

14. Arateof2«. 9(2. in the pound produces £352; what is the rental 
of the parish ? 

15. If an income-tax of 10c2. in the pound amounts to 2^ millions, 
what must be the poundage in order to produce £3,375,000^? 

16. A man bays 148 yds. at 2s. 7^(2. per yd. ; at what price must he 
sell it to gain £12 12s. 10(2. by the whole? 

17. The penny loaf weighs 10 oz. when wheat is 5s. a bushel; how 
much will it weigh when wheat is 6«. 8(2. ? 

18. The rental of a parish is £5626 10s. ; and the assessment for the 
poor-rates is £405 13s. 4(2. ; how much will be the rate on £45 12s. 9(i? 

19. If the net income of an estate after paying all taxes be £534 15s., 
and the gross income be £570 8s. ; how much in thie pound did the taxes 
amount to? 

20. The chain for measfuring land is 4 perches in length, aad is 
divided into 100 links; what is the length of a wall in feet» whitsh mea* 
sures 1550 links? 

. 21. If 1 lb. of gold, i^nd 1 oe. of alloy, can be coined into 44^ gnioess ; 
find the value of 5oz. of pure gold, considering the alloy of no value. 
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22. t spend 12 gniaeas in Z5 days, and save £100 a year: what 
mtiBt I earn in the year! 

23. A piece of gold at £3 17«. 10\d. per ok. is worth £150: what 
will be the worth of a |neoe of silver of equal weight, at 6ia, 6tL per lb. T 

24. Two floon are eqnal in sLn^ one is 85 liset long, and 25 feet 
broad ; the pther is 40 feet long : what is its breadth? 

25. The weights of gold and of water are as 19| and 1 ; find what 
number of solid inches of gold is equal in weight to 17^ cub. ft. of water ? 

26. A dollar is to a crown as 111 : 120; how many dollars are 
equal in vahie to £2501 

27.' A clock which gains 7^ minutes in 24 hours, is 14 minutes fast 
at Monday midnight; what time will it indicate at 6 o'clock in the 
evening of the following Thursday t 

28. A person owes £1537 8s. 4d ; but can pay only £960 14«. 7d : 
what will be the dividend, and bow much shall I receive for a debt of 
£276 lis. 6d.! 

29. The shadow of a s^ok 8ft. 6in. long is 2ft. 9in. : what is the 
bagbt of a tree which at the same time throws a shadow of 154 feet! 
(See App. Art. Proportion.) 

80. An income of £8827 12s. M, is taxed at the rate of 7(2. in the 
pound; how much clear income will remain t 

31. Bought 236 gallons of oil for £111 6S. Sd, ; what profit will be 
made by selliflg it at the rate of 8f. 6<2. for 8 quarts! 

82. Paid £45 lOs. for a hogshead of rum ; how much water must 
be added, to be able to sell it without loss or gain at lis. 6d, per gallon! 

83. Out of an income of £312 10«. a year, the expenses are £55 in 
146 days; in what time will 1000 guineas be saved! 

84. If 90 English degrees oorrespond to 100 French degrees, how 
many French degrees are there in 36*45 English! 

85. What must be the breadth of a piece of ground which is 14| yds. 
long, so that it may be as large as a piece 40} yds. long and 4f broad! 

86. The 6(1. loaf weighs 8ilbs., when wheat is 50«. a quarter; what 
will it weigh when wheat is 40«. 8(2. a quarter! 

87. Given that the velocity of a falling body is proportional to the 
time during which it falls; find the time of descent of a body having 
acquired a velocity of 1000 feet^ supposing that the velocity obtained in 
2| seconds is 80*5 feet. 

88. The lengths of the arms of a lever are inversely proportional to 
the weights at the extremities of the arms ; if the lengths of the arms be 
3 feet and 2} inches, what must be the w^ht ftt the longer arm to 
balance 201bs. at the shorter end! 
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80. A bankrupt paid £1520 to his creditors; £205 of his debts irera 
paid in fiill; and his assets were to his remaining debts as 3 : 8; findtho 
amount that he owed. 

40. What can a man save per annum, who out of an incoma of £500 
gives away ^th, pays 7d, in the pound inoome-taz, and spe&da £10} in 
8 weeks! 



COMPOUND PROPORTION. 

1 40. It was observed in (1 33) that a question was classed 
tinder tbe bead of Compound Proportion, when there were 
more than three quantities which required to appear in the 
statement. The following is an Ezampla 

Ex. L If 12 yards of doth, 8 quarters wide, cost £19^ what will he 
the cost of 8 yards, 5 quarters wide! 

If the width of the two pieces of doth were the same, we shonld take 
no account of this width, whatever it might be: and the question would 
then become Ex. I. in (136), or one of Simple Pn^rtion* B«f«rriiig to 
that Ex. we have the statement 

12 yards : 8 yards :: £10 (B) 

and the cost of the new piece= .J . - x £19= — x 19£. 

*^ 12 yds. 12 

We will now take into account the two breadths,' 8 qis.^ and 5qn., 

8x19 

and put the following question: — ''If a piece of cloth cost £, when 

lit 

8 quarters wide, what wiH it cost when the width is 5 quarterst** Hie 

statement would be 

Sqrs. : 5qrB. :; -Y2"^ ^ 

J XI. * -^1. X 8x19^ 5 qrs. 8x19x5^ 

and the fourth terms ~=7r- £ X ^-- — =— =i> — s-£. 

12 Sqrs. 12x8 

Now, if the whole of statement (B), and the first and second tenns in 
(C), be converted into one statement, as foUows :-*« 

>^y*- : l^- :: *1» (D) 

8qrs. 5qTS. ^ ' 

and we take the product of the two quantities which stand firsl^ as our 
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first term, and the product of the two in the middle, aa our aecQnd term, 
we ahall have 

^» ^ xi. A 8ydg. Son, ,^^ 8x5x19 « 

the fourth terma ■■ / . ■ x --1-^ xl9£a ,J^ * £, 

12ydB. Sqre. 12x8 ^ 

which 18 precisely the same as was obtained from the two sucoessiye state- 
ments: henoe such a statement as (D) will produce a correct result. 
Also, in forming this statement, independently of (B) and (C), I select 
for the third term that which is similar to the required fourth term, as in 
Simple Proportion : and in placing the remaining terms, I take each pair 
separately, and ask the usual question with the third term, as to whe- 
ther the answer will be more or less than this term ; and I arrange this 
pair precisely as though they were the only two terms which I had to 
consider. Howeyer many purs of terms occur in the question, they 
must all be treated in like manner; fbr the same proof that has shewn 
how to combine the first and second statements, will shew how to oom- 
bine the third with the result of the first pur. 

I -will work another Ex. and mention tlie mental ope- 
rations which must be performed, in order to enable me to 
place each pair of terms eorrectlj. 

Ex. H. A field, 300 yards long and 280 broad, was ploughed by 
six bones in two days of eight hours each ; how many horses will plough 
a piece of ground 500 yards long, and 816 broad, in three days of ten 
hours eacht 

The fourth term will be horses : I therefore place the six horses In the 
third term. Also, the new field 

is longer than the one which re- 800 yards 500 3rard8 
quired six horses; hence, con- 280 yards ^ 815 yards .. ^ « 
sidering the effect of this pair of 8 days * 2 days 
terms alone, it will require more 10 hours 8 hours 

horses, and I place the larger 

term, 500, in the middle : so, also, the second field is broader than the 
fii-st> and therefore will take more horses, and I place 815 in the middle. 
Again, the first field was ploughed in two days, but the new one in three 
days; hence, since the time is longer, we shall, so far as this ptur of 
termtf is concerned, require fewer horses; and the smaller term, two, is 
to be in the middle. Also, in ploughing the first MA, the days were 
dght hours, but for the second field they are ten hours; httioe, with this 

6—2 
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extra time^ fewer Iiotsqb wiU be reqiured, and I place the dgkt in the 
■econd place. The whole statement is aa annexed; and 

)( its '^ 

th. fourth t«n= ^^V^VsMxV '""* 

B 8 X 2 horses =s 6 horses ; 

precisely the same number as before : i, e. the increased size of the field, 
and the increased length of time allowed for the work, are so balanced* 
that the same number of horses as before is sufficient. 

In arranging the several pairs of terms in the statement, 
I seem to be trying at one time to obtain a smaller term, 
and at another time. a larger term than the third; and it is 
true that some conditions of the question tend to make the 
fourth term less than this third, and some to make it more. 
Each pair will produce its own effect in increasing or 
diminishing the required term; and we shall therefore find 
the result more or less than the third, according as the 
conditions in the question which would make it more^ pre- 
dominate, or not^ over those which would make it less; i. & 
according as the product of all the terms in the second 
place is more or less than the product of all in the first 
place. 

It must be carefully observed, that if any pair of corre- 
sponding terms be not expressed in the same denomination, 
they must be so reduced, just as in Simple Proportion, be- 
fore we commence forming the £raction which will give the 
fourth term. 

According to the method of (188), without assuming the proportion- 
ality of the quantities involved, the work wiU be as follows. 

In Ex. I. let A be the number of pounds sterling required, then 
12 X 8 represents the area of doth which cost £19 
and 8^5 „ ,> ,i £A, 
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-T^reprBiente the area ooetiBg £1 

and -J- „ „ „ £1 

and amce £1 will always bay the aame quantity, the quality bein^ 
sappoaed the same^ therefore, inverting theee eqoal fractioni^ 

A 19 \ 8x5x19 , . 

or, ^« -ToTTo— # •• before. 



8x6 12x8 ' 12x8 

In Ex. II. let ^ be the nomber of hones ; 

Kow, 6 horses can do 800x 280 sq. ydk in 2x Sfarst 

800x280 , . ,. 
or, g^g sq. ydg.mlhr. 

. , , , 800x280 J, . ,. ,x 

••. 1 horse can do -glTSx 6 *^' ^ m 1 hr. (i) 

So. also, -4 ho«es can do^^i^sq. yds. in 1 hr. 

«.i..4/_\ I ..4x8x10 2x8x9 

- 500x815x2x8x0 •- 
^' -* =• 800x280)^8x10 ' ••^^"• 

EZ8.47. 

1. If 10 men can dig 80 yds. of earth In 8 dayi, how many yards 
can be dug by 20 men in 4 daysf 

% If £800 gain £10 in a year, in what time will £900 gain 
£175 lOf.? 

8. Three boats take 6000 herrings in 8 days; in how many days 
will 450 boats take 20,000 barrels, eaoh contaming 700 herrings! 
( 4. I borrow £175 10«. for 10 months, when money is worth 5 per 
cent. ; how much most I lend in retun for 12 monthly when money is 
' worth 3| per cent, t 

5. If five men can reap a field whose length is 800 feet and breadth 
700, in 8| days of 14 hours each ; in how many days of 12 hours each can 
seven men reap a field whose length is 1800 feet^ and breadth 960 feetl 

6. The papering of a room 10^ feet high, and 20 yards round, cost 
£1 2t. 6^. ; what will be the cost of papering another room 9 feet high, 
and 68 feet round? 

7. If I pay U. 8(2. for 61b. 14os. of bread, when wheat is 4f. 9d, 
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per busliely what must I pay for 231b. 12oz., wlien wheat is 6s. 5d. per 
bushel? 

8. A printing machine turns out 87,260 sheets in a day, mnniii^ 
12^ hours ; if its speed be increased in the ratio of 4 to 3, how many 
sheets will be wrought in 7^ hours? 

9. A carriage wheels the circumference of which is 16)- feet, and 
which makes 45 rerolutions per minute, goes 275 miles in a certain time; 
how many rerolutions per minute must a wheel make^ to perform 385 
miles in the same time, the circumference of the latter wheel being 19^ 
feet? 

10. A field of 12 acres having 120 stalks to each square yard, and 
70 grains to each stalk, produces wheat to the value of £96 16j. : what 
will be the worth of the produce of 800 square yards, haying 175 atalks 
to the square yard, and 45 grains to each stalk ? 

11. An iron beam 16 fb. long, SJft. broad, and 8 in. thick, weighs 
1280 lbs. : what must be the length of a beam whose breadth is 8^ ft., 
thickness 7iin., and weight 2028 lbs. ? 

12. If a wheel which revolves at the rate of 470 times in 8 minutes, 
make 50 revolutions in 'a certm time; how many revolutions will 
another wheel make in the same period, at the rate of 360 revolutiona in 
7 minutes? 

18. If 15 men eat 18^. worth of bread in 7 days, when wheat is 12k. 
per bushel ; what should be the price so that 10 men should be fiimished 
for 12} days at the same cost? 

14. A hay-field which has 2^ tons to the acre is mown by 20 men 
in 6 days working 8 hours a day; what number of hours per day must 
18 men work for 8 days upon a field which has 8} tons to an aciel 

15. The circumferences of the smaller and larger wheels of a cairiage 
are in the ratio of 5 to 6. Let the carriage move in a ring, so tiiat the 
circumferences of the circles described by the inner and outer wheels 
shall be as 7 : 8. Given that the inner laige wheel makes 800 revolii- 
tions in describing ^ of its path, find the number of revohitloiis made by 
the small outer wheel, while describing '•! of its path. 

16. If the price of 100 bricks, of which the length, breadHif and 
thickness are 16, 8, and 10 respectively, be 5«. 4d.; what wiU be the 
price of 9760 bricks, which are one-fourth greater in every dimemdont 

17. If 5 steam-engines of 9-hor8e power (when employed 8 days a 
week, and 10 hours a day) raise in one week through a certain altitude 
25 three-bushel sacks of wheat, weighing 60 lbs. a bushel; in what time 

'^ engines of 8*hor8e power (when employed 5 days in the week, and 
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9 houm a d*^) raise tbrongh 15 timei t&e fonner altitude^ 75 two-bofthel 
sacks of wheat, weighing 631bB« a bushel? 

18. Three fire-engines, each having i pipes, S square inches in sec- 
lion, are worked at the rate of 20 strokes in 8 minutes, and dischaige 
4680 gaMons of water in 16 minutes ; how many engines, each having 3 
pipes, 5 square inches in section, and worked at the rate of 17 strokes in 
2^ minutes, will discharge 20,000 gallons in half an hourf 



INTEREST. 

141. I5TEBEST is the payment made for the use of money 
for any time, and ia generally reckoned at bo many pounds 
a-year for £100 lent; or as it is commonly called, so many 
pounds per cent. For instance, if £5 be the interest of £100 
lent for a year, we should say that the money is lent at the 
rate of five per cent, per annum. 

The sum lent is called the Primnpal; the interest of £100 
for ooQ jeax the Eate; and the sum lent^ together with its 
interest^ for any length of time, is called the AmourU, 

When interest is paid only upon the sum originally lent 
it is called Simple Interest; but when at the end of any time 
agreed upon, as for instance a year, the interest is added to 
the principal, so that this amount forms the principal for the 
next year; and a similar addition is made at the end of 
every such period, then it is termed Compound Interest 

142. The questions which occur in this Bule are merely 
Examples of Proportion. 

ISjl. I. Find the Simple Interest of £382 10*. for one year at 5 per 
cent. ; in other words — If the principal £100 give £5 interest, what 
interest will be derived from the principal £882 10s. t the statement will 
evidently be 

£100 : £382 10«. :: £5. 

Abo, it will be found that every Ex. in Simple Interest 
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-will fiimidi a similar statement^ in wMcb we observe that 
the first term is £100, the second is the principal, and the 
third is the rate. 

We now multiply the second term by the 5, and divide 
by the 100 ; i. e. we multiply by the rate and divide by 100. 
And in these Ezs. we do not, as nsnal in the Hole of Three^ 
reduce the first and second terms to the lowest denomina- 
tion expressed in either of them, but multiply by 5 and 
divide by 100, as in Compound Multiplication and DivisioiL 
The simi, when worked in the usual form, stands thus : 

£100 : £882 10«. :: £5 
5 

1,00> 19,12 10 
20 

2,50 
12 



6,00 Answer. £19 2$, 6d. 

Here the division by 100 is performed by cutting off two 
ciphers at the end of the divisor, and two figures at the end 
of the dividend : and the remainder after each division is 
reduced, as in Compound Long Division. I have wzitten 
the 100 as a divisor, but in practice it is omitteid. 

143. Since in (142) we multiplied by 5, and divided by 
100, therefore we might at once have mxddplied by the 
fraction j^, or ^ : that is, the operation of finding the 
interest might have been performed mentally by taking ^th 
part of the principal; similarly, ^th, for 2^ per cent.; ^th, 
for 10 per cent. &c, ; and this short method is generally used 
when the rate is an aliquot part of £100, but not otherwisOi 

144. If the interest for any number of years is required, 
multiply the interest for one year by the number of years. 
If for any number of months, aliquot parts of the interest 
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for one year may be taken, as in Practioe : bat if for any 
number of weeks or days, it should be generally found by 
Proportion. 

Ez. n. Find ihe interest of £175 for three yean tnd 185 days, at 
fiTO per cent. 

Hie interest of £175 for one year is £8 15ff.« and for three years is 
3 X (£8 15f.)=£26 5s. Now, to find what is the proportionate amount 
of interest for 185 days, we have this statement ; 

-Aaju. dayi. £ 9. 

365 : 185 :: 8 15 
and the answer is £8 it, md. : therefore the whole interest sb£28 5«. 
+£8 4f. 8Hd.=£29 9«. Sfld. 

Ezs. of this kind, involving Simple Interest for years and 
days, may also be worked as follows : 

8inee we obtain Simple Interest for 1 year by multiplying by the rate 
per cent., and dividing by 100^ 

AiniliUca8e,8.Int'forlyear»175x^£ (E) 

and expressing the 185 days as a fractional part of a year, and multi- 
plying the interest of 1 year by the number of yean, vis. 8f|f , or 8f |, 

• . . . . ,*i. 5 .27 -^-^ 5 246 
.-. whole interest-175x — x8j5=175x— x — 

»^«.£29 9.8fK 

IP 
Ob0. I did not reduce the fit" r^ in (E) to lower terms, because the 

den' is generally more simple, when the 100 is left uncanceDed. 

Under the head of Simple Interest may be indnded all 
questions generally classed imder the heads of Commission, 
Brokerage^ and Insurance] for all such quantities are calcu- 
lated at a fixed rate for every £100. 

Ezs. 48. 

Find the Interest of Find the Amount of 

£ 9, d. yr, £ £ 4; d. yrr. £ 

1. 824 for 1 at 5 p. c. 4. 1025 for 8 at 2} p. c. 

2. 475 10 6 „ 1 „ 4 „ 5. 1760 9 „ H„ 84 
8. 875 12 8 „ 1 „ 81 „ 6. 1827 18 9 „ ftj,, 2J 

6—5 
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Interest of Amoiiiit of 

£ «. d. jr. «. £ £ «. d. jr. w. £ 

7. 540 17 6fiMrl 5ftt4p.c 9. 237 10 for 4 11 ftt H po- 

8. l845craineM,, 8 10 ,, 8 ,, 10. 11428 „ 9 7 n H >» 

Interest of Amount of 

£ «. d. jr. «& £ £ #. d. jr. to. £ 

11. 755 6 8 for 1 15 at 2| p.o. 18. 1875 5 for 3 45 at ^ P-o. 

12. 985 18 4 9, 8 89 „ 4^^o. 14. 2000 ,, 11 80 „ 8| „ 

Interest of Amonnt of 

£ «. A y. d. £ £ «. d. y. d. £ 

15. 1440 15 0forl78at5p.c. 17*1175 2 6 for 4 300 at 8i p. c. 

16. 2500 „ 8 90 „ 4 „ 18. 990 11 „ 7 150 „ 6 „ 
145. As an Ex. in Compound Interest we may take 

the following question : — 

Ex. III. What is the amonnt of £350 in three years at fiye per oeni 
Gomponnd Interest? 

Putting down only the results of the three operationi^ we haye 

£ «. d. 

Principal of first year 850 0. 

Interest of first year 17 10 

Amonnt of first year, and principal of second year . 867 10 
Interest of second year » 18 7 6 

Amount of second year^ and principal of third year 385 17 ^ 
Interest of third year 19 5 lOj ^ 

Amount at the end of third year 405 8 4^ 

This is the amount ; if the interest alone is required, we suhtract the 
principal £350, from this amount ; the remainder is £55 8«. i^d. 

The above results can be obtained mentally when the per oentage is 
an aliquot part of 100, as 2^, 5, 10, 20, (143) ; or when it can be easily 
made up of such numbers, as 21 p. c. in (152), Ex. m.; but if any other 
be taken, the work must be perfonned at length, as in (142). 

EZS. 49. Bind, at Compound Interest, 

The Interest of The Amount of 

£ t. d. yn. £ £ $, d, £ 

1. 1500 0for4 at 5 p.c 4. 750 OOforOy. at 5ip.c 

2. 854 13 6 „ 2J „ 4i „ 5. 2025 „ 3y. 150d. at 5 „ 

3. 1820 15 „ 3i „ 2i „ 6. 1825 11 6 „ 4y. Tmo. „ 8 „ 

* In this and the following Ezs. the fractional parfei of a penny haye beennc^ected 
when finding the Interest for the weeka 
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la Cmnponnd Inierart^ when the int» u paid h«lf-yearly, of quarterly, 
the resnlt is different from that obtained when it is paid yearly, becsnee 
the principal is sooner increased by the addition of interest ; and therefore 
Gomp' Int^ begins sooner toaocnie. In all oaaesy the int^mnst be added 
to the principal as soon as it is due, 

146. Questions may be found in Interest which involve 
soinef little difficulty, because there do not appear at once 
three terms out of which to form a statement. And most 
pupils will find that in any difficult question involving the 
api>lication of Proporticm, as in Profit and Loss, Stocks, 4&c., 
they cannot succeed in thoroughly comprehending it^ with- 
out placing it in a plain Rule of Three form. 

Hitherto we have been finding the IrUerest^ when the 
other three quantities, Principal^ Sate, and Time were known ; 
the following Exs. shew how to find an^ one out of the 
above four quantities, when the remaining three are known. 

Ex. IV. In what time will £75 12«. ad. amount to £99 Us. 6d, at 
four per cent, per annum! 

Here the interest gained is found by subtracting the principal, 
£75 12f. 6d,, from the amount, £99 16t. 6d., and it =£24 4t. Also, the 
interest of £75 12«. 6(1. for one year at 4 per oent. is £8 0«. 6d, Hence 
I have tlus question : 

If £75 12i. 6d. produoe £8 Os. 6<{. in one year, in what time will it 
prodttoe £24 4t.t The statement is 

£3 Of. 6d. : £24 is, :: I year, 
and the fourth term will be found to be 8 years. 

Ex. y. What sum will amount to £104 2s. 6d, in four yean, at 4^ 
per cent, simple interest! 

I must here inquire what £100 would amount to in four years, at 4^ 
per cent. ; the answer is £118. The question is now, therefore, 

If £100 become £118, what sum will in the same time amount to 
£104 2«. 6d.f Tlie statement is 

£118 : £104 2s. 6d. :; £100 
and the required fourth term is £88 is. 9Hd. 

Ex. VI. At what rate per cent, will £152 1 Os. amount to £191 7s. 9d 
in nx yeaist 
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I have in this Ex. to find the interett of £100 for one year. Now the 
interest gamed by £152 lOt. in aix yean is (£191 7«. 9<;. — £152 10«.), 
or £88 17t. 9c2., or in one year £6 9t. 7id, : hence the question now^ is. 

If £152 10«. gain £6 9«. 7)41., what win £100 obtain! The statement 
will be • 

£152 lOf. : £100 :: £6 9».7id. 

Obs. These, and all fntore Bzs., as in Profit and Loss, Partnerahip, 
&c., of which I put down only the steps, should be worked ont fuUj by 
a pupil, and in all cases, where possible, fractionally. Thus in the last 
Ex., since £6 9«. 7V^.»129$. 7id.»12^9., 

th,*thte™=^xX«»|,.=Sxl|?...100x4.I|?. 

s85«.=£4 5«. 
i. e. the rate per cent, is i|. 

Ezs. 50. 

1. In what time will £62 amount to £71 6i, at 5 per cent, per 
annum*? 

2. In what time will £1215 15«. amount to £1291 U». Sid. at the 
rate of 2^ per cent. ? 

8. For how many years must I put out £987 12«. to intereat at 41 
per cent., in order that I may receive £1197 9«. 8f<2. ? 

4. What sum of money wiU in 1 year amount to £108 13«, 6d. at 
3} per cent, t 

5. Eequired the prindpal which will in 8 yrs. amount to £136 28. l-}d., 
at 2i per cent. 

6. Find what sum will produce interest amounting to £330 ISt. in 
7 yrs. at 4^ per cent. 

7. At what rate of mterest will £95 15«. amount to £112 10«. 1|<2. 
in 5 yrs.! 

8. What must be the per oentage in order that £1175 may become 
£168713«. li<2. in7iyr8.! 

9. Required the rate per cent, at which 1000 guineas wiU gain 
£590 12s. 6(2. in 12iyrs. 

10. Find the rate per cent, at which any sum of money will doable 
itself in 8 yrs. 

11. What sum lent at 5 per cent. Compound Interest will in 3 years 
amount to £358 I7s. 3^.? 

* Simple luterest ia always iuiplted, unless the conUaiy be expressed. 
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12. Find the differeooe between the Simple and Oompomid Interest 
of £416 13«. 44. for 2yn. at 2| per cent. 

13. What 18 the commiiwion on £20500 at S) per cent, f 

14. Und the preninm on a polioy of life inraranoe for £2500 at 
£5 17s. 9(2. per cent. 

15. What annual premium mmt a farmer pay on stock Talned at 
£370 lOt., at 28. Zd. per cent.t 

16. In what time will £818 18#. 4d amount to £1064 lit. lOd. at 
Si per cent. ? 

17. At what rate of interest wiU £782 10«. amount to £1245 5t. in 
lOyrs.? 

18. If the interest on £180 15t. lOd. for 10 days be 8f. 7d., how 
much is that per cent, per annum? 

147. Questiona oonceming AnnuitieSy Leases, and Bever- 
sions involye applications of Interest; but they generally 
require for their solution either algebraical expressions or 
tables derived from thes& The following is however a 
simple example of the kind. 

Ex. YI. What is the amount of an annuity of £50 left unpaid for 
5 yrs., allowing Compound Interest at 4 per cent, per annum t 

I write down merely the outlines of the work, and neglect all sums 

below Id, as the fractions obtained after two or three diyisions become 

exceedingly heavy. 

£ «. dL 

Amount due at the end of first year 50 

Interest due at the end of second year 2 

Add £50, due at the end of second year 50 

Principal of third year 102 

Interest at the end of third year 4 17 

Add £50 due at the end of thiid year 50 

Principal of fourth year 150 1 7 

Interest at the end of fourth year 6 4 10 

Add £50, due at the end of fourth year 50 

Principal of fifth year 212 6 5 

Interest at the end of fifth year 8 9 10 

Add £50, due at the end of fifth year 50 

Amount due at the end of five years 270 16 8 

If ^mple Interest alone were allowed, I should write the interest for 
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the suoceoive yean by itself and add its amoimt to the final atnomit ; — 
by this means no interest would be allowed upon interest^ i.e. there 
would be no Compound Interest. 

The subioined Examples are worth notice. 

Ex. YII. What must I gm for a freehold, let for £225 a year, so 
■■ to have 4| per cent, for my money? Or in other words. 

If every £100 laid out bring £i\, what sum will produce £225 1 The 
statement will be 

£i\ : £225 v. £100 

£225 ** 2 

aodthefourthterm^-^^ X £100=!^!; Ifx 100.x I £=£5000. • 

148. Sometimes in speaking of the price of a pieoe of 
property, it is said that a certain number of years' purchase 
is given for it.: this is the same as so many years' rental 
Thns, if a field, the rent of which is £4, be sold for XlOO, 
we say that 25 years' purchase was given for it^ beca'ise the 
price is 25 times the rentaL 

Ex. YUI. How many years' purchase should be paid for freehold 
property to clear H per cent, f 

I must here see how many times a rent of £4} must be repeated to 
produce £100, the price of the land which gives £4^. 

__. , £100 -^^ 2 200 --, ... . , . ^, 

This numbers — - = 100 x r = -rr- =22}; the pnce paid is there- 
fore said to be 22} years' purchase. 

Exs. 51. 
1 . What will an annuity of £60, payable yearly, amount to in 6 yrs. 
at 5 per cent. Compound Interest? 

7. Find the amount due from a pension of £100, payable half-yearly, 
which has been unpaid for 8^ yrs., allowing 5 per cent. Gomp. Interest? 

8. What principal lent for 2^ yrs. at 5 per cent. Compound Interest 
will amount to £700 12«. 9^^. ? 

4. What should be the purchase money of an estate, of whioih the 
rental is £5200, so that the buyer may receive 8^ per cent, for his money! 

5. A purchaser invests £7500 in land, and receives 2f per cent, upon 
his investment; what is the rent? 
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6. What p€r oentage is reoeiyed npon tiie purohaBe monej, when an 
estate whereof the rent ia £367 lOi., is bought for £10500? 

7. How many years' purchase should be paid for freehold property, 
to xvroduoe 3f per cent, t 

8. A freehold is sold at 83 years* purchase ; what rate of interest is 
reoeiTed on the investment? 

9. What is the Talue of a perpetual annuity of £120 at the rate of 
4| per cent.? 

10. Property which brings 7 per cent, lets for £85 15t. ; what was 
the purchase money? 



DISCOUNT. 

149. Discx>i7NT is an allowance made by a creditor to a 
debtor who pays a debt before it is dua When this allow- 
ance is subtracted from the debt, the remainder, i. e, the sum 
that is paid, is called the present worth. 

Discount is calculated at a certain rate per cent., and in 
common usage is treated just the same as Interest : we shall, 
however, show that this is not strictly correct^ but that the 
person who pays the money has thereby more than the just 
allowance made to him. 

For instance ; if £50 were due to me at the end of on« 
year, but I were willing to allow a discount of 5 per cent 
for ready money, then, according to the common usage, I 
should throw off the interest of £50 for one year, tiz. £2 10a, 
and receive only £47 10& But if I make a debtor an 
allowance for paying ready money, I do so upon the sup- 
position that I can place out to interest the ready money 
which I reodve, and together with the interest can make 
up the £50 at the end of the year. Now, if I put out to 
interest £47 10«. at 5 per cent, I shall obtain as interest 
£2 7«. 6d, and therefore I shall in all receive £49 17^ 6d. : 
hence I lose 2«. QcL by this armngement. The real questioA 
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how is — ^Wliat sum put out to interest for a year at 5 per 
oent will amount to £50 ) Or— If £100 will amoimt to 
£105, what sum will amount to £501 The statement 
will be 

Interest for 1 year £ 5 

Principal £100 

Amount £105 : £50 :: £100 (F) 

and the fourth teim will be found to be £47 128, 4^d 

AlsOy the interest of £47 12a 4fd, for one year is 
£2 78, 7f(/.j and this, together with the principalis j£50: 
and therefore I neither gain nor lose. 

By observing (F), we notice that the third term, £100, is 
the present worth of the first term, £105 ; and the fourth 
term is the present worth of the second term, £50. Hence^ 
in any question where the present worth of a sum is re- 
quired, the third term is £100; the first term is the amoimt 
of £100 at interest for the given time; and the middle term 
is the sum due. 

150. If the discount, and not the present worth, be re- 
quired, we must place in the third term the discount of 
£105, tIz. £5. But since the discount in the third term 
would generally require to be reduced to the lowest denomi- 
nation expressed, and the work be thereby rendered heavy; 
it is therefore generally better to find the present worth, and 
then obtain the discount by subtracting the present worth 
from the bill due. 

151. The most common form in which discount occurs 
is in the use of what are called BUhf which are stamped 
papers, bearing a written engagement to pay a sum of money 
at a. certain future tima If such a bill be presented to a 
bftnker before it is due, i,e. before the time fixed for pay- 
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menty and the persons wlio are responsible for this bill are 
considered able to meet it at the proper time^ the banker 
will give ready money for it^ retaining, however, the diseouni 
upon the som, as his remuneration for the accommodatiQiL 

In practice, as was said, it is usual to charge interest^ 
and not discount : therefore the banker gains by the trans* 
action, and the amount of this gain will be found to be the 
interest upon the true discount. For if we refer to the Ez« 
in (149) we shall see that in discounting a bill of £50 due in 
twelve months, the banker would deduct £2 10«., i e. the 
interest on £50; whereas he ought to have deducted only 
£2 78. 7K; which is the interest upon £47 12*. 4K; there- 
fore the extra sum which he takes is the interest upon 
£2 7$, 7fdL, or the interest upon the true discountt 

lliough discount is not in practice correctly used, yet a 
pupil in workuig Ezs. should always emplc^ the true method. 

The bills mentioned above are said to be drawn upon 
the person or persons who agree to pay the money, and 
those who allow any such bill to be drawn on them are said 
to accept it : hence they are called acceptors, and the bill 
itself JB called an acceptance. These acceptances are gene- 
rally for any number of calendar months: but in this 
country three days, called Days qf Otocb^ are allowed after 
the bill is nominally due, before it is legally due ; so that a 
biU drawn on March SOth, at three months, would not be 
legally due till July 3rd.* 

Ex. 11. What does * banker gain by disoonntbg a bill of £408 it., 
drawn Oct 13, at four months, and disoonnted. Bee 5, at 4 per cent.! 

Here the biU is legally due on Feb. 16; and from Deo. 5 to Feb. 16 
are 78 days: 

* A fonn of aeoeplaiioe U givta onder tlie Art itool^-ieqrtngi. 
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£ ». d. 
The interest for that time... « 8 4 6^^ 

And the tme diBoonnt ^Z 4 



Therefore the hanker's gain = ^tA<^« 

Exs. 52. 

Find the DiBoonnt on iind the present worth of 

£ t, a. montht £ £ k d. monOu £ 

1. 100 for 6 at 5 per ct. 5. 1000 due in 12 at 5 per ct 

2. 128 18 6 „ 8 „ 4 ,, 6. 875 10 ,» ^ y, ^ f» 
S. 157 10 ,, 9 ,, a „ 7. 119 6 ,, 5 ,, 8^ „ 
4. 1128 17 6 „ 7 „ 8i „ 8. 426 16 6 „ 2\y. „ 3 „ 

9. Find the difference between the interest and discount of £525 for 
IJyrs. at 5 per oent. 

What would a banker gain by discounting the following bills f— 

DrmcM DfaoouiilKl 

10. £325 8#. Ad. March 15 at 4 months^ April 6th, at 4 per cent, 

11. £90 7«. ed. Sept* 1 „ 9 ,, Jan. 16th, „ 5 ,, 

12. What is the present worth of £500, one^half of which is dne in 
4 months, and Idie remainder in 6 months, disoount at &^ p. c. per ans. ? 

152. A very important application of Discount oocuts in 
those branches of business, where it is the custom to take 
off 20, 30, dec., per cent, discount from the gross or invoice 
price of goods. And great errors may sometimes be made 
by tradesmen who do not know how much to add to ihe net 
value of an article, in order that they may, without loss^ 
make the deduction agreed upon. 

For instance, suppose a tradesman has an article of 
which the net price should be 50««, and it is usual to allow 
20 per cent, discount, or deduct one-fifbh from the invoice 
price. If he, thinking to allow for this discount, puts on ^th 
of the 50«., and thus makes a gross price of 60«. ; then, when 
he takes off 20 per cent or ^th, he will find his net price to 
be 48«., thereby losing 2a But if, instead of putting on ^th 
he had put on ^th, he could then take off the required ^th 
and be no loser. 



DI8(X)X7NT. 1S9 

* A 
Tbm, Ket price required « 50 

Addithof 50«. - 12 6 

Groaa price s 62 6 

Subtract ^th of 62«. 6d. .... s 12 6 

Net price as before = CO 

The general rule will be found as follows : Let the dfe* 
oonnt agreed upon be represented as a fractional part of 
^100: Thus, for 5, 10, 20, 30, 35, Ao. per cent, the 
fractions would be 

100' 100' 100' Too' 100'^ 
or, in their lowest terms^ 

1X18 7. .^ 

20' 10' 5' 10' 20' "^ ^^ 

Theee are the fractional parts of the gross price to be cb- 
(kusUd frx>m it : and the corresponding ftac* parts that must 
be first addedto the net price will be 

1 1 1 8 7 . 

20-1' 10-1' 6^' 10-8' 20^' *^ 

1118 7 ,„, 

^ 55' 9' 4' 7' 18* W 

where it is to be observed that the fbtctions in (H) have 

numerators the same as in (G) ; but tibe den" are the former 

den» minus the respective mimerators*. 

• The followiiig demonstration of the aboye role may he rsad by thOM tfiriftlffitffl 
with Um elemsnte of Algebnk 

Lei Gsgroes price; ^snet price; also, let • reprawnt the ftad pert of JT te he 
added thereto to reproduce O, so that N+xNs Q; or N {X+aH^sO, 00 

Let^repreaentthefirac^partof fi^tohetakenoff aadiacoantaoaatoleayeJT; ao 
tbatO-^eojr; org(l-*)=Jf; iul)rtltiitlng for Jf In W, »« laTo 

n 
i. & if ire wish to take off aa diacoont -z • we moat pot on ^— - . 
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For example^ if SO per cent, discount is to be allowed 
upon an artide of which the net price ahoald be 21«., we 
refer to the rows (G) and (H), and learn that if 30 per cent 
or ^ 18 to be taken aS, f must be put on : and we haye as 
foUowa 

M. 

Net price = 21 

Add fibs of 21«. • _9 

Gross price charged in invoice s 80 

Sabtract AthsofSOf. s J9 

Nffk psioe M before s 21 



PROFIT AND LOSS. 

153. Pbofet axd Loss is another application of Pro- 
portion. It is calculated at so much per cent, or at a certain 
per eentage^ and the general object of all Exs. under this 
head is, to find — (1) What per centage of profit or loss will 
result from selling an article at a certain price: — (2) JTt 
what price it must be sold, that there may anse a certain 
per centage of profit and loss; the prime cost of the article 
being in both cases known. 

154. It will not be attempted to exhibit an Ex. of erverj 
kind of question that may arise; but a sufficient number 
will be given to show the principles upon which all the 
questions depend; and the particular m^od of appljdng 
the principles of Proportion in each case must be left to the 
judgment of the pupil. 

Ex. I. If an article cost £2 7«. M,, and be sold for £3 8«.6cl., what 
is the gain per cent.t— ^r. If £2 7«. Sd. become £8 8«. Od., vrhat wiB 
£100 become ! The statement is 

£2 7«. 8d. : £100 :: £3 as. 
and the fourth term is £183 6«. Sd. Hence the gain upon £100 is 
^^8 Qs. Sd. ; or the profit is at the rate of Z^ per cent. 
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Ex. n. I^ by selling te» at 6f. icK. per lb., i^ grooer low6 peroeni, 
what waa the prime cost per lb.f 

Now, to lose 6 per cent, is to obtain only £94 for erery £100 laid 
out; hence the question is reaQy this — If £100 be Uid out, and £94 be 
ToceiTed for it,' what is laid ont when Oi. 4ii. is received ! 

Here, since £100 is prime cost, or baying price, and W9 want buying 
price in the fourth term, we have this statement : 

£94 : 6s. id. :: £100 

and the fourth term, or prime cost of lib. is Qs, 8jfci. 

Ex. TTI. At ^priiat price must I sell a commodity purohaMd at the 
rate of £14 Bi, per cwt. so as to gain 21 per oent.f 

In this Ex. it is required to receiye £121 for £100 laid ont : therefore 
£121 is the seDing price of that which cost £100; and since the fourth 
ienm is to be the selling price of 1 cwt., we have 

£100 : £14 5ff. :: £121 

and the required price is £17 4«. 10{d. 

Questions of this kind, wherein we require the price at a certain profit 

per cent., may often be worked more briefly by the method of Practice. 

Thus to gain 20 per cent on any sum of money invested is merely to add 

one-fifth of the sum to the previous amount ; and Ex. III. may be worked 

as follows. ^ 

£ #• da 
Prime cost 14 5 

Add 20 per cent, or ^th 2 17 

Add 1 „ or^thof20p.o. 2 10^ 

.*. original sum +21 per cent, profit « £17 4 10^ 
The following Ex. involves the principles of Ezs. IL and 



Bx. rV. A person, by disposing of goods for £182, loses at the 
rate of 9 per cent. ; what should have been the selling pricey so as to 
make a profit of 7 per cent, f 

We may work this question by two operatious : first, find the prime 
cost, and ^en ^m it find that selling price which would give a profit of 
7 per cent. Since to sell at 9 per cent, loss is to receive but £91 for that 
whi<^ cost £100, we have this statement: 

£91 : £182 :: £100 
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and the answer is the prime coat £200. Also, to obtain a profit of 7 per 
cent, is to receive £107 for that which cost £100; tiierefore, to fi|id the 
•eOing piioe of that which cost £200, we have 

£100 : £200 :: £107 
and the answer is £214, the pnca at which the goods should be sold to 
make 7 per cent, profit. 

In order to work the question bj one statement, we may put it under 
this form— If goods sold for £182 bring £91 for every £100 laid out^ 
what ought they to be sold for, so as to bring £107 for eveiy £100 f 

Here we have the £100 laid out the same in both oircumstanoes, and 
it win therefore not aflPect the question : £107 and £01 may be oonsidaed 
as the gaining and losing rates ; also, £182 is the sum received for goods^ 
and therefore of the same nature with the fourth term; henoe the state- 
ment is 

£91 : £107 :: £182 

and the fourth term, or selling price, is £214, the same that was obtained 
from the former statements. 

Questions under this head may be worked according to the ptrindples 
described in the latter purts of (133) and (140). 

Thus, to take a simple case. If a man buys for £4 10«., and sells for 
£5 15s., how much will he gain per cent. ? 

The actual gain Ib £5 15s,^£i 10*. ^ £1 6s. 

•*. £li » gain on £4} s 4ixgain on £1 

and £ 7T ^ &^ ^n £1. 
4^ 

Let A srate per cent, or gain on £100, 

then £ — = gain on £1 ; 

. jL-H ^ ._ 100xlt _2g0^nn 

••ioo~4j' ""'^-^ T^^*- 

Exs. 53. 

1. Paid £137 I2s. 6(2. for goods, and sold them for £151 7t. M.; 
what was the profit per cent, f 

2. By selling goods at 8«. 6d, I gain 12 per cent.; what shall I gain 
or lose by selling them at is. 9d. ? 

8. I give 8«. 9d. for goods; at what rate must they , be flold to make 
a profit of 80 per cent, h 



n 
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4. Sought oloih at 9#. 4)<2. per Esg^ eU; it is reqtured to find 
the seOing price per yard 00 as to gain 17-i> per cent. 

5. Good* were bought for 2#. 9d*, being 17^ p«r cent. beb«r their 
real -nJne; what was that yalue f 

6. Sold goods for £3 I8«. 6d, being 22) per cent profit ; what was 
the prime cost | 

7. I sell an article for £22 lOs., and by so doing lose 15 per cent. ; 
what per oentage would be lost or gained by selling it at £27 f 

8. At a selling price of 15«. I lose 10 per cent. ; what must be the 
price to gain 10 per cent, t 

9. I buy tobacco at 10 guineas per cwt.; at what price must I retail 
it per lb. so as to gain 12 per cent. ? 

10. When the price of a certain article is 12«. 6d. there is a gain 
of 25 per cent.; what would be the loss or gain if the price were 10«. f 

11. I bought 145 quarters of wheat at 50«. per quarter, and in 
selling I make a profit of £36 6s, ; how much per cent, was the profit! 

12. A merchant sold a pipe of wine for £50, and by so doing lost 
5 per cent. ; at what price must he sell 8 other pipes so that he may gain 
5 x>or cent, upon the prime cost of the 4 pipes f 

13. A person having bought goods for £20, sells half of them so as 
to gain 10 per cent. ; for how much must he sell the remainder so as to 
gain 20 per cent, upon the whole 

14. I bought 56 gallons of brandy at 22f. 6d. per gallon, but 7 
gallons were lost; at what price per gallon must I sell the remainder, to 
obtain 15 per cent, profit on the whole outlay ? 
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155. PABTSTEBSHiPy or, 08 it IS sometiines called, Fellow- 
ship, is the Bule hj which we determine how to divide 
profits, which arise from different sums of money put into 
a business by two or more persons, eitiier for the same or 
different periods of time. 

Ex. I. Two persons enter into business as partners; one pots in 
£350, and the other £500; they gain £100. How is the profit to be 
divided! 
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Here the profit, £100, Sa made firom the whole capital, £850 ; and each 
partner's share of the profit will be in proportion to his share of the 
capital : therefore the question divides itself into these two parts: — (1) If 
£850 produce a profit of £100, how much will £350 produce! (2) If 
£850 produce £100, what will £500 produce f 

The statements for these two questions will plainly be 

£ £ £ 

(1) 850 : 850 :: 100 

(2) 850 : 500 :: 100 

£ «. d. 

and the fourth term of (l)s 41 8 6^ 

„ (2)= 58 16 5ji 

and these together = 100 

Ex. n. A field of grass is rented by two persons for £27 ; the one 
keeps in it 15 oxen for ten days, and the other 21 oxen for seyen days : 
find the rent to be paid by each, supposing the pasturage to remain 
equally good throughout f 

Here it is plain that the keep of 15 oxen for ten days is the same as 
of ten times 15, or 150, oxen for one day: so also, of 21 oxen for seven 
days is the same as of 7 times 21, or 147, for one day ; therefore the 
question is plainly this : If one man turn into a field 150 oxen, and 
another 147, for one day, and they together pay £27, how is that 
payment to be divided / 

The whole number turned in would be 297* and the two statements 

would be similar to those in Ex. I., viz. 

297 : 150 :: £27 (1) 
297 : 147 :: £27 (2) 

the fourth term of (1)»^^^^|1^£=£13 12«. 8^. 



and their sum • ss£27 U 



156. I will give one more Ex. which is the same in 

principle as Ezs. L and II., but is more complicated in its 

operations. 

Ex. III. On the 1st of January A brought into a buoness £350, 
and on the 1st of April £500 more: on the let of June he takea oat 
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£400 ; three mooihs afker this lie brongbt in i66O0. B Viougbt into 
the biudneas £(M)0 ; four mont|i« after this he UkfM oat ^150; and on 
the Ist of November he brought in ^650. At the end of the year 
their dear gain is £1008« How aanoh ought each to reoelvet 

Here A put in £350 from January lit to June let, or five months ; 
alsoy £500 from April first to June Ist^ or two months : he has now in 
the business £850, but he takes out £400, leaving £450. This £450 is 
in from June 1st to December Slst^ or seven months. .Also, he has £600 
in from September 1st to December 81st, or four monttis. Hence he has 
in all 

£ £ 

850 for 5 months or 1750 for 1 month 

500 „ 2 „ or 1000 „ 1 „ 

450 „ 7 »» or 8150 „ 1 ,, 

600 „ 4 „ or 2400 „ 1 



Therefore he has in all 830U „ 1 



99 



Again, B brought in £500 from January Ist to Hay Isf, or four 
months : he now ti^es away £150, and has in £350 from May Ist to 
December 81st, or ^ght months. Also, he brings in £650 from Novem- 
ber Ist to December 3l8t, or two months. Hence he has 

£ £ 

500 for 4 months, or 2000 for 1 month 

850 „ 8 „ or 2800 „ 1 „ 

650 „ 2 „ or 1800 „ 1 „ 

Therefore B% capital is 6100 „ 1 „ 

and it's capital was .8800 „ 1 „ 

therefore the joint capital = 144uU „ 1 „ 

Hence the two statements will be 

£ £ £ 

For ii's share 14400 : 8300 :: 1008 

Tor^B „ 14400 : 6100 :: 1008 
and the fourth terms are £581 for A, and £427 for B, 

157. In this place we may introduce an Ex. of tlie 
following kind* 

Ex. IV. A wine merchant mixes together 20 gallons of wine at 
12s. a gallon, 25 gallons at \i»„ and 86 gallons at 16«. : what should be 
the price of a gallon of the mixture! 

C. A, 7 
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Here it ia plsdii that 20 gaUona at 12». are wortli 240«. 

also „ 25 „ 14& ,, 850«. 

and „_36 „ 16#. „ 576t. 
and therefore that 81 of the mixtoie „ ll6^s. 

1 
hence the value of one gallon is plunly -^ th of the yalue of the whole ; 

or, price per gallon =-7pp ». = li». iljd, 

ox 

158. The following Ex. shows how to divide a given 
quantity into parts which shall have to each other given 
ratios. It is upon the same principle as the previous Ezs., 
though not commonly recognized as such. 

Ex. y. Divide 1065 into parts which shall be to each other in the 
ratio of 3, 5, 7 ; and also into parts which shall be in the ratio of |^, \, |. 

Taking the former part of the Ex., we observe that 8+5 + 7=15 is 
the smallest integer which can be divided in the ratio of 3, 5, 7 ; hence 
the required portions of 1065 will bear the same ratio to 1065 that 3, 5, 7 
do respectively to 15* The first portion is obtained by the statement 

15 : 3 :: 1065; 

and the fourth term = 213. Also, if 5 and 7 be successively placed in the 
second term of the above statement^ we khall find the remaining portions 
to be 855, and 497. 

Ill 

Similarly, in the latter part of the Ex., we see that q + ^ + ;^ » or 

-— = =-^ is a fraction which can be broken up into the fractions 

105 100 *^ 

-,~, and = ; hence the required portions of 1005 will bear the same 
o o t 

11 1 

ratio to the entire nuttiber 1065 that »> ¥* ^^ ^* respectively bear to 

71 
their sum -rr-z \ we have, therefore, as the statement for obtaining the 

first portion 

'^ . i .. loft's • 
105 • 8 •• ^"^^' 

6 

\\ 

and the fourth term=---~^ x ^ x -—.=525. So also the second and 

1 ^ \\ 
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third sUtements wflTbe 


i 


• 


105 ■ 


1 

5 


:: 1065; 


'"'*105 


1 
■ 7 


:: 1065; 


and the corresponding fourth terms will be found to be 815 and 225, 



Exs. 54. 

1. Two persons inrest in businees £800 and £250 respectiyely ; fhey 
gain £150 : how is it to be diyided t 

2. A and B as partners lost £600 ; if A*b capital were £4000, and 
B'b £2100, how much of the loss must each bear t 

8. A, B, and O were partners : il put in £1000 for 2 yrs., ^ £750 
for 15 months, and O £1500 for 9 months; divide equitably a profit of 
£1000* 

4. A, B, and rent a field for £10 ; A put in 20 horses, B15 oxen, 
and O 10 sheep ; how should the ezpence be divided, if the eating of a 
hone, ox, and sheep be in the ratio of 8, 2, and 1 ? 

5. A puts into a concern £500, and 6 months after puts in £300 
more; B puts in £1000, and 3 months after puts in £1000 more ; they 
trade for 2 yrs., and gain £650 : what is the share of each f 

6. Divide £20 amongst 3 persons, so that their shares shall be in 
the ratio of 3, 4, and 5. 

7. Distribute £705 in the ratio of i, i, and I, 

8. A mixture is made of 51bs. of tea at 8#. id,, lOlbs. at 4s, 2d., and 
151b6. at 5«. : what should be the price per lb. of the mixture 1 

9. A wine merchant mixes together 20 gallons at 12t,, 80 gaUons at 
15«., 40 gallons at 20«., and 10 gallons of water; what must be the retail 
price so as to gain 10 per cent, profit t 

10. A testator bequeaths £1000 to one person, £500 to a second, 
and £800 to a third ; but his property is found to realise only £1250 : 
how much should each receive t 

Exs. 55. I. 

1/ If 375 quarters are grown on 75 acres of land, how much land 
wiH be required to grow a peck 1 

2. Ten persons joined to buy three lottery tickets for £10, £25, and 
£40 : the second gains a prize of £1000, how much does each man gain? 

8. How many times does a dock tick in the month of ^January, if 
it ticks 15 times in 2 minutes ! 

7—2 
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4. A large bin contains 15 cab. ft. 267 cub. In.; and out of it 3 
smaller bins are filled, each containing 4 cub. ft. and 875 cub. in. ; how 
much will be left in the bin 1 

5. Out of a square plate of metal 15f feet long, how many (nrcular 
pieces can be out, 2^ inches in diameter t 

6. What is the smallest sum that a man must have in his pocket 
that he may be able to pay it away entirely either in moidores, guineas, 
marks, or 7 shilling pieces I 

7. Assuming the method of multiplying and dividing fractions by 
whole numbers, shew that f *t-|— 1{. 

8. If 9 slabs, 12 in. long, and 12 inches broad, wiU coyer a certain 
surface, how many slabs will be needed if they be 18 in. long, and 8 in. 
broad? 

9. Find the cost of 87251bs. at Is. lOid. 

10. What cost 25oz. Sdwts. llgra. at £d Ifs, lOld, per oz. ) 

11. If a tradesman gain Is. 6(2. on an article which he sells for 
59* 9d,, what is the profit per cent, on the prime cost 1 

12. Of two pieces of doth, one is 42 in. wide^ and costs Is. 6(2. per 
yd. ; the other is 56 in. wide, and costs 2s. id, per ycL ; what is the ratio 
of the qualities of the pieces, supposing the prices to be exactly propor- 
tionate to their real value ! 

18. Silvor coinage has 37 parts pure silver, and 3 parts of copper; 
llb.«Troy makes 66s. ; what quantity of pure silver is there in 20«.? 

14. Beduoe 8 owt. d^qrs. 1^ stones to the decimal (d 15 tons, 

15. What decimal of a square furiong is 1 perch ? 

16. If the net price of an article be found by taking off ^ths of the 
gross price, what most be added to the net price to make the invoi<» 
price ? 

17. If I am required to throw off ^r^h, ^ths, ^ths, from the 
invoice price of three parcels of goods, what must be the fractional parts 
to be added to the required net prices I 

E. 

1. How many strokes vdll a clock strike in the month of May \ 

2. Find the value of 4424 arti(des at 15s. 10|<2. each. 

8. A block of stone 7 ft. long, 2^ ft. broad, and 15 in. thick, wdgha 
3} tons ; what must be the length of a block of the same kind, whereof 
the breadth is 3} ft., the thickness 10 inches, and weight 6500 lbs. ? 

4. Wh&t is the cost of 59 tons, 15 cwt., 3 qrs., IS lbs., at £26 18«. 9(2. 
per ton ? 



J 
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5. A peraon buyi 68 yards of doth for £75, ud retailft it at £1 18«. 
per En^idi ell ; what does he gun by the tranaaotion f 

6. What may a person spend per day oat of an income of £1000 a 
year, if he lay by 20 guineas every calendar month f 

7. Explain the reason of stating a Bale of Three som; snd shew 
why the answer resalts in the same name as the third term. 

8. A tax of 3dL in the ponnd on a certain assessment produces 
£1080 ; how much will be prodnoed by a tax of 7d, on an assessment of 
doable the iralae ) 

9. What is the value of (f + f— A) of ^360 1 

10. Explain the nature and advantages of Decimal Fraetioos, oora* 
pared with Vulgar Fraetians. 

11. What fraction of a square mile an 2f perches f 

12. I have to distribute 150 yds. to 10 men and 10 women, so that 
the men and women may have shares in the ratio of 2 : 8 ; how. much 
will each havet * 

13. A boat is propelled by 8 oars, which take 10 strokes per 
minute; and it goes miles an hour; find the rate of a boat propelled 
by 6 oars which take 8 strokes per minute, when 5 of its strokes ar^ 
equal to 6 of the fonner. 

14. find the exact value of 

•875 of 6«. 8<i.- -941875 of 4». + 1*98985 of 2». 

15. Amplify the following expression : 

1,1,1,1 
2'*"8x2»'*'5x2»'^7x2^* 

16. IS I throw off 17 per cent, firom my invoice price, what frac- 
tional part of my net price must I put on f 

1. The quotient is 8276, the divisor £2 78, 6d , remainder 6(2. ; find 
the dividend. 

2. On the 1st of March I borrow £10, to be repaid in a calendar 
month, and in return lend £15 on the Ist of April; when should it be 
repaid! 

8. The girth of a tree at the surface of the ground is 6 feet, find the 
girths at 10 ftet and 20lbst, if the height of the tree be 50 feet, and it 
txpefB regularly. 

4* Find the cost of 13^ os. at £8 7«. 6(2. per oz. 

5. At what distance from the end of a slab of 17 in. breadth must I 
cut, so as to have a rectangular piecoi oontaming half a square yard? 
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6. An author pays 2«. 6c2. for tho printing Ac. of a book : out of 
tbe pablishing prioe 10 per cent, is allowed for advertising, 10 per cent, 
for pnbliaher's commission, 25 p. c to the retail trade, 4 p. o. for 
damaged copies, and 5 p. e. loss of interest ; whi^t must be the pubUdi- 
ing prioe, so that he may neither gain nor lose ? 

7. In the last question, what would he gain on 2000 oopiea, at a 
telling price of &a. M, ? 

8. If 56 current shillings be worth £2^ in gold, how many current 
shillings are worth £65 in gold! 

9. Two numbers are to one another as 8 : 11 ; and the greater one 
is 77 ; find the less. 

10. Find the whole cost of a house, of which the rent is £27 ; the 
poor rate 8«. id. in the pound ; gas rate two-thirds of the poor rate ; and 
thtf paving rate three-fifths of the gas rate. 

. 11. Beduce to a vulgar fracticm 

2-8 18'§^ r21 
r? ^ 1-0^ ^ 4-9 ' 
12. Express the ratio of £8*f to 4*lS guineas in the smaUest 
integers. 

18. A piece of work employs 15 men for 8 days, when the day ts 
12 hours long, and costs £18|; what will be the cost of a piece employ- 
ing 25 men for 9 days of 10 hours each, the pay of (he new workmen 
being IJ- times that of the old ? 

14. A tank is filled by 8 pipes in 2, 8f, and 7? hours respectivetly ; 
in what time would they all fill it ? 

15. A discount of -^ths is agreed upon ; what must be the ratio 
between the net and gross prices, so that I may be able to make the 
deduction 1 

16. I add ^ths to the net prioe of an article ; what per oentage of 
discount was agreed upon f 



STOCKS. 



159* The govemineiit of a ocn^isry sometimes finds it 
necessary to borrow money ; and it gives to tholender a bond 
acknowledging tbe debt, and agreeing to pay a certain rate 
of interest for the money. Tbe amount owing to those who 
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hold these 'bonds is dQled the IITatioiial Debt, or The Funds; 
and the interest paid is derived from the income of the 
countiy, aruring prinoipaUy from taxation. 

The above-mentioned bonds are saleable, and are called 
Stock ; and thej of course vary in value, principally according 
to the plentifdlness or scarcity of money. 

Thus, suppose a person lend £100 to government^ and 
receive an acknowledgment for it, with an agreement to pay 
£3 a year interest for the loan ; then, if at any time he wishes 
to sell the bond, and money is scarcer than when he lent the 
JBIOO, he will get less for it than he gave, perhaps £95 ; and 
if money be more plentifiil, he will get more for it^ perhaps 
£105, But still the bond represents an acknowledgment for 
j£100, and £Z interest is paid to the holder of it, whatever 
may be the sum which he has paid for it. When, therefore, 
we say that 3 per cent, stock is selling at 80, we mean that 
the buyer of £100 bond, or, as it is called, £100 stock, has 
to give only £80 sterling for it ; hdice, as he gets £3 interest 
for it, it is not £3 per cent, to him, but £3 for £80. From, 
this it is plain that the lower the stock is in price, the better 
interest the buyer obtains ; and the higher the stock is, the 
less interest he obtains for his money. 

"When the market price of £100 stock is exactly £100, 
the stock is said to be at par ; if the price be more than £100, 
it is said to be at a premitMn/ if below £100, at a discount. 
The smallest variation in the price of stock is one-eighth of 
£1, or 28, 6rf., for every £100 stock. 

160. Since persons who wish to sell stock may not know 
any who wish to buy, therefore all sales and purchases are 
transacted through agents, who are called Stock-brokers. 
The broker of the buyer deals with the broker of the seller, 
and each charges his employer, or principal, as he is called, a 
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commiadon of |ihof JClfortheiauiLsfer of eveiy £100 stock ; 
so that a bujer must alvays consider tbat he pays |tli per 
cent more, and the seller that he receives ith per cent less 
than the seQing price ; bnt if in anj Er. the oommiadon be 
not mentioned, no notice need be taken of it. 

161. In working the varioos qnestions that occnr in 
Stocks, a pnpil must be careful not to conlcnind stock and 
actual money. Also, in buying or seUing stock, it is quite 
immaterial whether it be 3 per cent, 4 per cent, or any other 
kind of stock, unless we wish to know the incdfiM to be 
derived : for instance, if I have to sell out J&IOO stock, when 
the price is 95, it matters not whether it be in the 3| 4^ or 5 
per cents. : I have to receive £95 for every £100. 

&. 1. What mufit be given for £5050 stock in the Tbx^ per 
Cento., St 85| per cent f 

Here the price of £100 stock is 85f ; snd I hsve to find the price of 
£5050 stock : hence the statement will be 

£100 : £5050 :: £85f. 

MultiplyiDg by 85|| after the method of (84, £!z. IV.), and then 
dividing by 100, we have the annezed operation, in which we find the 
cost of £5050 stook at 85f ai£4311 8f. 9d. 

5050 
85| 

25250 
40400 
I, or}, of £5050 s 1262 10 
i of £5050 681 5 

1,00; 4811,43 15 
20 

8,75 

12 

9,00 

Next, let us find what amount of stook any given sum 
will buy, when the price of JBIOO stock ii known. 

Ex. H How much stock can be bought for £1490, the price being 
88}, and commission \ per eent.1 
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Adding tlie oommiagioii to the nuurket price, we htre the oost to tbe 
buyer 88|, or 88^. The term longht is amoont of stock ; and in the 
proposed questiOQ £100 is the stock to be bought by £88^ : we have 
therefore 

£88i : £UW> :: £100 

and the fourth term, or amount of stock bought by £1490 !s £1683 
12s. Ziid. 

Ex. m. If a person inwttt £8000 in the Tfane per Cents, when 
they are at 95^, what is his annual income therefrom f 

In this case the buyer gives £95-^ for £100 stocki t. e. for the privilege 
of "reoeiviDg £3 interest : hence the question is, — If £95| produce £3 
interest, what will £2000 produce t Our statement is 

£95| : £2000 :: £3 

and the fourth term, or interest of £2000, will be found to be £62 16t. 

Ex. IV. IWl what per centage will be obtained by investing in the 
Three and a half per Gents, at 91 : or, in other words,— If £91 give £3|v 
what wiU £100 produce f The statement is 

£91 : £100 :: £3| 

so 
and thefourthtenn«?i-^J:5?je«| xMS£«£3U. 

18 

Also, transferring the 100 from the left-hand numerator to the right- 
hand denominator, I have 

91 100 • 

Observing this equation, I notice that the right-hand side gives the 
ratio of the interest of £100 to £100 ; and the left-hand side gives the 
ratio of the interest on £100 itoek to the price of that stock. Now, in 
finding the per centage wluoh any interest produces, we wish to know 
what is the ratio of the interest on £100 to £100; and since the right- 
hand fraction gives this ratio, therefore the former fraction also gives it: 
hence this fraction gives a standard, by which we can compare the value 
of the per centage derived from any two investments in different kinds of 
stock. Thus, if I wish to know whether it will be more advantageous 
to invest in ihe Pour per Cents, at 95, or in the Three per Cents, at 85, 

I must compare the fractions ^ and ^ . 

7-^ 
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. 4x86—3x95 840—285 "•, 
By (46), ike Terence u, —^^^^^^^^-^^^^^, Hence, since 

A 3 

340 > 286, therefore ^ >^ ; or an investment in the Four per Cents. 

ftt 95 wiU produce better interest than in Three per Cents, at 85. 

If we wish to know how much better interest is obtained in the one 

4 3 

case than in the other, we must observe that these fractions ^ and g^ 

express the respective portions of £100 which the two investments give 
as interest per cent. : 

hence, the difference of the per centage obtained = . gg of £100 

11 ao 
"" "W^ ^""323 ^"■^^- ^*^''' 

162. W^will now give an Ex. combining two or more 
of the operatiomt exhibited in the previous Exs. 

Ex. V. A person transfers £1000 stock firam the Four per Cents. 
at 90 to the Three per Cents, at 72 ; find how much of the latter stoek 
he will hold, and the alteration made in his annual income. 

The first part of the question may be thus expressed : '' If a certain 
sum of money will buy £1000 stock at 90, how much can be bought 
when the stock is at 72 ? " The statement will be 

£72 : £90 :: £1000 

126 10 
and the fourth term = i^5|iL^,£ = 1250£. 

To find the income derived from the £1000 stock and from the £1250 
stock, two simple statements might be employed : but where, as in this 
case, the stock consists of £100 shares, we can work more briefly thus:— 
£1000 stocks: 10 cents. ; and since each cent, produces £4, the whole 10 
produce £40. Also, £1250 stock— 121^ cents. ; and since each oent. of 

25 75 

this Btock produces £3, the whole produce 12|x3£=:-^x3£=-^^ 

= £37 10«. ; hence the difference ofiihe incomes from the two investments 
»£40-£37 10*. = £2 10«. 
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Ezs.56. 

1. "What must be given for £2000 Stock when the funds are i^t 85? 

2. When 3^ per cent. Stock is at 9^, what sum will buy £1250, 
allowing -I per cent, for brokerage? 

3. How mach Stock can be bought for £1176 10«. when the funds 
are at £90f , and broker^s charge 2«. 6d, per cent. ? 

4. What sum must be invested in 3 per cent. Stock at 94\, to yield 
an annual income of £500? 

5. If a person invest in the 3 per cents, at 93, at what rate per cent, 
will he reoave interest for his money? 

6« A person lays out £1000 in 3^ per cent. Stock, when the funds 
are at 92f ; what ^income does he derive from it? 

7. A sum of £999 19«. ll}d. in the Z\ per cents, produces £44 0$, 6d, ; 
what was the price of the Stock when the money was invested? 

8. In what Stock must I purchase, so that I may derive an income 
of £75 from the investment of £1875 at par ? 

9. A capitalist invests for a short period £100,000 in 3 per cents, at 
87^ : when he sells out; they have risen 2 per cent. ; what does he gain, 
re<^omng i per cent, for brokerage, both in buying and selling? 

10. What must be the price of a railway share, paying a 5 per cent, 
dividend, and of which the nominal value is £100, so that a purchaser 
may receive 7 per cent, for the money invested? 

11. A railway share, originally costing £100, has paid a dividend of 
8 per cent. : what roust I give for such a share^ so as to receive 4} per 
cent, for my money? 

12^ Bailway shares which were purchased at a discount of lOJ per 
cent., and sold at a premium of £dl\, realised a profit of £357 2«. 10|i{. : 
how much was invested ? ' ... 

13. A person having an annual income which arises from £450 Stock 
invested in the 3 per cents., exchanges it for an annual income arising 
frxmi £31^ Stock in the 4 per cents. : what is his annual gain or loss by 
the exohange? 

14. What is the interest for 5f yrs, of £293 invested in the 3 per 
cents., when they were at 87^ ? 

15. A person sells out of the 3} per cents, at 93)> and reaUzesi 
£18700: if he invest one-fifth of the produce in the 4 per cents, at 96, and 
the remainder in the 3 per cents at 90, find the alteration in his inoomot 

16. Which is the better investment, to buy in the 3 per cents, at S5g 
or the 4 per oent^-^t 102; and by how much? 
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17. Sind tbe difference of income arinng from two inTeBtmenis of 
£5000: (1) m sharee at 131^, pacing « 6 per cent dividend; (2) in Bank 
Stock at 194|, paying an 8 per cent, dividend. 

18. A person wishes to bequeath an annuity ot £100 a year ; what 
som must he devote to the pnnhafla of Z^ per cent. Stock at 97> bo that 
the annuitant may reonve the £100 fi«e of d per sent, income tax! 



EQUATION OF PAYMENTS. 

163. If a person owe another several sams to be paid at 
different tinies, and it is required to know at what time it 
would be just to pay the whole at one payment^ this would 
be a question to be solved by a Bule called Equation of 
Payments. 

To asoertain the method of finding this time of payment, 
called the equated time^ let us take a simple Example. 

Ex. L If £100 be due at the end of six montiiSy and £200 at the 
end of twelve months ; find when it is just to pay the whole in one sum. 

It is qnite dear that the time of payment will be at some period 
between the two fixed times, six months and twelve months ; hence the 
former ston, £100| wQl be paid alter it is dae^ and the latter sttn, £200, 
before it is due. 

Now, a person keepbg the £100 beyond the appointed time ooghty of 
course, if that were the only money to be paid, to pay interest §tft it ; but, 
instead of paying interest, he is to midce up for the privilege for keeping 
the £100 by paying the £200 before it is due ; it is hence quite clear that 
he must pay thh £200 such a time before it is due, that the in lo r mt of 
the £200 for that time shafl just balance the interest he might obtain by 
keeping the £100 after it was due. The question then reafly i»— How 
Soon wHl the interest upon £200 produce the same as the interest upon 
£1001 Hie answer evidentiy is, in half the time ; i,e, the time of paying 
the £^00 must be earUer than its original time of twelvie montiia, by 
half as much as the time of paying the £100 is kUet* than its original tone 
of six months ; therefore, if the payar keep the £100 fimr uoatfas beyond 
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the flox mmitlii, rad payih* £200 imo monlhs oooner than the twelre 
mouthy the interart ga^ed in the one oase and lost in the other will be 
just b al a n c ed; and the whole snm will have to be paid in 10 months. 

164. Fatting the question in another form, we may 
consider that when the sums were to be paid at different 
times, the payer had the £100.in his hands six months, t. e. 
he bad the interest oi £100 for six months, or of £600 for 
one month : also, he had the interest of £200 for twelve 
months^ or of £2400 for one month ; therefore he had in all 
the interest of £2400 -f £600, or of £3000, for one month. If, 
the% the debtor has to pay the £300 in one snm, how long 
ought he to keep it^ so that its interest shall equal the 
interest of £3000 for one month 1 The answer to this ques- 
tion will be obtained from the following statement : 

£300 : £3000 :: 1 month; 
and the fourth term will be ten months, the same result as 
before. 

165. The truth of the above method has been disputed 
by arithmeticians upon this ground. Befening to the above 
Ex., it is said, that since the £100 is paid after it is due, the 
payer should pay the interest for the time that it is kept 
back j but since the £200 is paid before it is due^ dUoauni 
only should be allowed thereon : and since the discount is 
less than the interest^ it is said that tiio X^yor, by the above 
method, receives as much more than his due as the interest 
of £200 exceeds the discount; henoe, to make the payment 
perfectly correct according to this view, we ought to place 
the payment earlier than ten months. But since we have 
shown, by the working of the Ex. given above, that the 
interest gained in one case and lost in the other is equal, we 
shall, by placing the time for payment of the £300 earlier, 
rob the payer in two ways— Ist^ by depriving him of the 
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interest of the £100 duiiog the latt^ part of the four mouths 
that he ought to be allowed to hold it : and Bndly, by making 
him put the £200 into the hands of his creditor for a longer 
time than two months. 

The fallacy of the reasoning which would place discount 
instead of interest in the question may be shown thus. It is 
here assumed that discount^ not interest, is applicable to all 
cases where money is to be paid before it is due. ' Now, this 
is quite true where only one payment is to be made ; for in 
that case we have laid it down, that the debtor is to pay such 
a sum as put out to interest shall just amount to the sum 
due : therefore, in all cases of discount the debtor pays less 
than he owes. But this is not the case in Equation of Pay- 
ments : for here the creditor receives the whole of the latter 
portion of the debt, say £200, though it he before U is dv/e, 
and he can put the whole out to interest, which he cannot^ in 
real questions of discotmt; and the question now is, — ^not 
how much must be put out to interest to raise £200, — but 
how long must the whole £200 be put out, to raise an amount 
of interest equal to that which the creditor has lost, by allow- 
ing the first payment^ say £100, to remain in the debtor's 
hands beyond its time. The question considered in this view 
has been satisfactorily Qiiswered in the Ex. worked above. 

It should however be added that, strictly speaking, simple 
interest is almost a fiction ; for the moment any sum of money 
is payable as interest, it matters not whether it be called 
principal or interest, it is the propeirty of the lender ; and if 
this be retained by the borrower, it ought, in justice to the 
lender, to be added to the principal| and be charged with 
interest afterwards*. 

• See Art B^baU in the "Pdimy Oy^AapsoSiak,** 
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Ex. n. A person owei £800; £200 to be paid in tiiree montha, 
£100 in foor montha, £300 in 5 months, and £200 in six months : if the 
whole wwe to be paid at once, what would the time of payment be! 

Here^ by the agreement^ the debtor has the interest of 

£ £ 

. 200 for 8 months, or . 600 for 1 month 

also of 100 „ 4 „ or 400 „ 1 „ 

also of 300 „ 5 „ or 1500 ,,1 „ 

lastly, of 200^ ,, 6 ,, or 1200 „ 1 « 

boo 3700 



therefore he has altogether the interest of £3700 for one month ; and the 
whole sum to be paid is £800 : hence, we have to find in how many 
months £800 will produce as much interest as £3700 in one month. The 
resolt is obtained from the following statement ; 

£800 : £8700 :: 1 month; 

8700 
and the fourth tenn=-rr7r- x 1 month = 4} months. 

In the statements wluch are used in Ezs. I. and II. we 
observe that the third tenn is one month ; hence, since this 
will in eveiy Ex. be the third term, we shall merely have to 
divide the second term bj the first, in order, to obtain the 
fourth term : also, the first term is the whole amount due ; 
and the second.is the amount of idl the several sums, when 
each, one is multiplied by its time of payment, Hence the 
equated time is found by the following Rule : 

Multiply each sum into its specified time, and divide the 
total of the products so found by the whole amount to be 
paid. 

Ezs. 57. 

1. Tmd the equated time of payment of £160, whereof £100 is due 
in 3 months, and £60 in 8 months. 

2. I owe £100 in 2 yrs., £230 in 2^ yrs.^ and £280 in 8 jrs. hence ; 
when- must! pay the, whole in one sum, so as neither to gain or lose ? 

3. Of a debt, i is due in 4 months, ^ in 6 months, •}■ in 8 months, 
and thd remainder in 12 months ; find the equated time of payment. 

4. Find the equated time of paying £200, which is due in monthly 
]n8tabnentBof£20» 
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EXCHANGE. 

166. Exchange, in its simplest meaning, is merely tlie 
conversion of any aum of money from the coinage of one 
coimtiy to that of another. To perform this conversion, we 
must of course know for how much a certain coin of one 
country can be exchanged in coins of another : for instance, 
if I wish to exchange a sum of English money for French, I 
must know how many of the current coins of France, viz. 
Jrcmca^ will be given me for XI of English money. This rate 
of Exchange between two countries is called th€ Cou/rse of 
Exchange^ but it is not always the same; and we shall 
presently show the cause of the variation. 

Ex. I. Exchange £850 sterling for firancs at 25 francs 15 centimes^ 
or cents; or, in other words, — If £1 sterling can be exchanged for 25 
francs 15 cents, what number of francs can be obtuned for £850 1 To 
obtain this number I haY« the following statement: 

£1 : £850 :: 25 francs 15 oents. 

Also, mnce 100 cents make one franc, therefore cents may be expressed 
as decimal parts of a franc ; t. e. 25 francs 15 oents3s25'15 francs ; 

hence, the fourth term= -— - x 25*15 frtmcs 

= 21377*5 fi^cs " 

or, 21377 francs 50 centimes. ' 

Ex. n. How many pounds sterling oan be obt»ned fbr 8457 marks 
15^ schillings, Hamburgh, at the rate of 18 mailcs 12 sdiillings for £1 
sterling ? The statement is 

18 marks 12 sch. : 8457 mks. 15} sch. :* £1. 

By Tables of Hamburgh Coinage, we find that 16 eohiUingssl aaik: 
hence, reduoing the first and seoond terms ^f the above statement to half 
schillings, we obtain by the usual process the fourth tenaa£615 2s. M. 
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167# The method of these two Exs. will enable us to 
convert Buy soma from the curre&cy of one ooimtiy to that 
of another, when the course of exchange between the two 
coiintries id known. Bat we most also be able to perform 
this oonrersion between two foreign countries. 

Ex. in. Change 1932 floriiM at Amsterdam for ducats at Kaplee, 
tiie oQone of JSzcfaa&ge being 80|^ flonna for 40 diusats. The statement is 

80i florins : 1932 florins :: 40 ducats; 

and the fourth tenn will be found to be 960 ducats. 

In the following £k. the process is not so simple : 

Ex. lY. Exchange 1000 American dollan for sterling money when 
Eng. money bean a premium of 10 p. o. in America. 

Here, £110 worth of dollars in America would produce only £100 of 
English money — hence 1000 dollars must be reduced in the ratio of 110 
to 100. Thus, 

dob. 10000 
110 : 100 :: 1000 : -^dols. 

or 909^ dels. 
We have now to convert 909^ dols., each 4«. Qd,^ into pounds sterling. 
The required number of pounds sterling 

10000 ^ 4i9h. 9000 

•'Tr-''2os:"'4r"^^*^«^ 

or £204 10«. 10{id. 
If I had wished to diange Eng. money for American, I should have 
tnorfOMi the number of English pounds in the ratio of 100 to 110. 

We now proceed to esq>lain a further and more oompre- 
hensiye meaning of the term Exchange. 

In commercial transactions between different countries it 
is not usual to pay for goods imported, in coin, or as it is 
sometimes called, in specie or bullion : and for two reasons — 
first, the quantity of foreign goods imported by a country 
like England is so great, that if paid for in coin, the payment 
would speedily drain all the coin out of the countiy, and 
business could not be carried on« Secondly, there would be 
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the probable loss of the^coin hj wreck or otherwise in the 
transmission ; besides that there would arise a loss of interest 
on the money while it was being sent to its destination. 

We shall now show how these difficulties may be avoided, 
when we are dealing with conntries which send goods as well 
as receive them, i. e, which export as well as import 

168. The following is a simple Ex. of the manner of 
conducting these transactions. 

Suppose A and JB to represent two merchants in America, 
and C and Z> two others in England : let G buy of il a thou- 
sand pounds worth of goods, and therefore 
owe him £1000 ; so, also, let B owe J) 
£1000 by a similar purchase j then if these 
sums be paid in coin, £1000 must cross the 
Atlantic twice. But^ since C has to pay 



A B 

AMSBIGA. 
BNOLAITD. 

C D 



j^lOOO to A, he would as readily pay it to 2) in England, if 
by such payment he could get rid of his liability to il : so 
also S would pay A, if he could be rid of his debt to D, 
This simple transaction might, therefore, be completed thus : 

Let C send ixi A & bUl acknowledging the debt of £1000, 
and promising to pay £1000 to any one in England who may 
present the bill to him at the expiration of a certain time : 
A then sells to B this bill, and receiving £1000 for it^ has no 
longer any claim upon (7. B now sends this bill to D, and 
Z> uses it as a bUl for. £1000, until the expiration of the time 
named on the bill, when the money id paid by C, Thus 
these four merchants have been able to have commercial 
dealings to the amount of £1000 each, without any coin 
having left either country. 

Of course the value of this bill for £1000 depends entirely 
upon the ability of C7 to meet it, that is, to pay the money at 
4.1.^ expiration of the time agreed upon in the bill : and we 
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often find that (7, wlio was considered able to pay at the 
time he gave the bill, has become a bankrupt before the time 
of payment ; hence the loss fidls on Z>. And this explains 
the reason why, in a commercial country like England, the 
&ilnre of one merchant^ or firm, causes others to fiul : for, in 
the case above^ D may also be liable for bills as well as Q\ 
and t£ not able to obtain the mosey which he expected from 
Gy may himself become a bankrupt ; and so in turn cause 
other merchants the same loss which he is himself suffering 
from the &ilure of (7. 

K ow, there are thousands of merchants in the situation 
of A and B in America^ and similarly of C and D in England. 
Hence there are^ as a general rule, merchants wanting to buy 
bills^ and others wanting to sell them, in both countries : and 
what has been said concerning England and America is true 
with respect to any two countries which export to and import 
from one another. 

These purchases and sales of bills are, for the reason men- 
tioned in (160), conducted through the medium of Bill- 
brokers. 

169. We have just now been supposing that the two 
countries* have imported and exported goods to an equal 
amoxint from one another. But suppose that goods had been 
sent from America to England to a greater amount than from 
England to America, for instance, to the extent of £1,000,000, 
then more bills to that amount would go from England to 
America than from America to England. The merchants in 
America have in this case plenty of bills, and of course want 
money for them : but as there are more persons wishing to 
sell bills than to buy, therefore the bills fetch a lower price : 
on the contrary, as bills in England are not so plentiful, there 
are more buyers than sellers, and the bills fetch a hig^ 
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price than usual. When this increased price exceeds the cost 
of insurance and loss of interest upon coin sent over to 
America^ the English merchant prefers sending coin instead 
of paying the increased rate for a bill : and by saccessive 
ezportations of bullion, the balance of £1,000,000, which 
was against us, will be paid off : but this increased price of a 
bill, (which swallows up the profits of buoness,) or the alter- 
native of paying in coin, causes merchants to be slow in 
importing until our exports have increased and helped to 
restore the balance. Here, also, whatever has been said 
concerning England and America, is of course equally appli- 
cable to any two coimtries which have commercial transac- 
tions with each other. In those countries, as South America, 
where gold and sUver are amongst their principal productions, 
bullion is as much a regular article of export^ as woollen or 
cotton goods would be from England. 

170. If the price of a bill in England, entitling the 
holder to receive gold in a foreign country, be less than the 
usual course of exchange, the exchange is said to be in &vour 
of England, because there is then no need to export gold. 

The following is an example of the quotation of the rate 
of exchange in the public prints. It is taken £rom the 

Times oiJvUj 18, 1860. 

The oourse of exchange at New York on London for bilki at 60 days' 
Bight is 109f to 109J- p. c. ; which, when compared with the Hint par 
between the two countries [109|4] shows that the exchange is slightly in 
^voor of England ; and after making allowance for charges of transport 
and difference of interest, the present rate levres a small profit on the 
importation of gold from the United States. 

Def. The standard rate of exchange between any two 
Qountries is termed the Far qf Uxchcmge, or the ArMraiion 
Price : but, as alluded to in (166)^ is not always the same as 
the Ccmree of Exchanga Also, a BUI on London means a 
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paper eniitiiiiig tlie holder to obtain gold in London, to the 

valne of the amount mentioned in the bilL 

Arbitration is called Simple or Compound^ aooordixig as 

there are three or more places concerned. 

£x. Y. HUb on AmBterdaiiii bought in London at 12florini 10 eenii 
p6r£ gteriing, are fold in Paris at 57} florini for 120 fimnot: what is the 
rate of Exchange between London and Paris t 

My object here is to express £1 hi terms of fhmoB ; henoe I express 
£1 in tenna of florins, and florins in terms of francs, and thereby obtain 
the Talne of £1 in ftanos. Working firactSonaUy, I have 

£lsl2 florins 15 oentBsl9'l5 florinig 
a]so7 57i flor. « 120 franoi^ 

and therafoie £lal2'15 floriiis»12*15 x ^ francs 

b25 francs 85)1 cents. 

The following Ex. iavolyes three coontries, and therefore 

three equations. 

Ex. VL A bill irpon Hamburgh Is bought at 18 marks 10} schillings 
per £ sterling, then sold at Amsterdam at 85{ florins per 40 marics : if 
the proeeeds are then remitted to Paris in French bills at 57} florins per 
120 fraDos, what rate of exchange is there between Iiondon and Paris I 

£l=18m. I0}sbh.«18-^marks=13|}m,^ 

35J 
40 mks. SB 85} flor., or 1 mk. = -— flor.j 

120 
57} flor. » 120 francs, or 1 flcr.s ^ francs; 

=s25 francs 55 }}}} cents.* 



* The process by which a connection is established between the flist and last tenns* 
as for instance, between pounds sterling and francs, la sometimes tenned the Chain 
Rule, beeaoie thaw aztiemUtai ere Joined, as it were, bjr soccessiTe links. JLnd the 
resolta which we haye just InTestlgatad, mi^t have been written down at once, by 
taldng as the left-hand side of the equation, the coin whose equivalent is desired,— and 
for the right-hand slde^ a fr^, of which the num' consists of the product of all the 
anceeariyedwiomlnatinns contained in the question, and the den', of all the remaining 
coins of the same kind as the num', with tiie exception of the last or required coiu. 



166 APPLICATIONS OF PBOPOBTIOK. 

Tbe subjoined is another example of the mode of reporting 
the exchanges, and is taken from the Times of March 22nd> 
1848, tinder the head ^' Money Market and City Intelligence.^ 
It contains an exaggerated view of the general relation 
between the prices of gold at London and FariSj-r-because 
it refers to a time of revolntion and panic j bat the principle 
is the samCf 

''The last quotation of gold at Paris was aboat 30 per mille premiuin, 
wfaicli would give an exchange of 25'91 . The last quotation of short bills 
on London being 26*50, the price of gold would appear to be about 2} per 
cent, higher in London than m Paris." ^ 

Here a comparison is instituted between the nommal rate of exchange 
of £1 for irancB, and the real rate at the particular time mentioned. 
Thus, if 1000 represent the price of gold hi Paris when £1 sterling is 
worth about 25*16 francs*, what will be the value of this £1 in francs 
when 1030 representiB the price of gold in P^iis ? Wet hayeiy of courae, 
this statement : 

1000 : 1030 :: 25 16 francs,. 

the fourth tetnis 25*91 francs, 

that IS, £1 will in Paris produce 25*91 francs. But a person in Paris 
wishing to buy a bill on London, entitling him to receive £1 in gold, 
must give 26*50 francs. The difference, about *6 francs, is the amount 
by which £1 sterling in London is dearer than in Paris* 

Also, since 26 *50 francs = £1^ 

therefore 1 franc=r3^£: 

26*5 ' 

1 
and this extra price of £1^-6 fr. = *6 x o^ ^» 

and ihorefore the extra price of £100 = 100 X *6 x --r^ £ 

« — £= — £~2'26r..£ 
26*5 5*8 

or 2i£ nearly^ 

that is, the price of gold in London is 2^ per cent, greater than in Paris ; 
or a biU which would entitle a person to receive £100 in gold in London 
would cost £102^ in Paris. 

* See Appendix, Art Bxdumge, 
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EZ8.58. 

FBAKOB AHD BlTOLAin).' 

The eonne of Ezdumge between France and Tfagland is generally about 85 fir. 30 cent* 

for £1 sterling. 100 oentsa 1 tnno,' 

1 . Exchange £850 for francs, at 25 fr. 50 cts. per ^ sterling. 

2. ,y £76 10#. „ 25-86I „ 

3. „ £i2515i.ed. 26-6 „ 

4. ,f 9349*90 francs for pounds, at 25*90 per £ sterling. 

5. „ 2147612 „ 26*76 

6. ^ „ 1876-5 „ 26*5 „ 



8. 




9. 




10. 




11. 




12. 





fiAMBUBOH AHD ENGLAND. 

13 marks 8 8chimBgsrr£l English. 16 scfaillisgs = 1 marie, 

m. scft. 
7. Exchange £425 for marks, at 13 12 for £1. 
£375 10s. ,, 13 9i „ 
£87i „ 18 8 „ 

1000 marks for pounds sterling, at 13 8 for £1. 
8764 mks. 16 soh. „ 13 10) „ 

3637-46 mljs. „ 13 11 „ 

THB UHITBi) STATES AND BBITIBH VOBTH AMSBIOA, 

1 Bollar 4ft. 6d. ; also sterling money gcaterally bean a premiom of 9 per cent ; i «. 
£100 sterling can be exchanged for as many dollars as will amoont to £109; the 

exact par of exdiange is 109|f • 

13. Exchange £100 for dollars when Eng. money has prem. of 8 p. c. 

14. „ £426 10s, „ . „ 10 „ 

15. „ £1256 58, „ „ 9) „ 

16. ,f . lOOOdollarsforEng. money, when the prem. is 8 „ 

17. „ 3225 „ „ 7i„ 

EAST INDIES. 1 Bupee abont Ssfd* 

18. „ £500 for rupees, at 23)<2. per rupee, 

19. „ 7500 rupees for sterling money, at 2i\dt 
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20. Ezobaage 2420 rupees t<x fhmcs, the course of excliange being 
40 rupees for 94 francs. 

21. dbange 1750 marks of Hamburgh for florins at Amsterdam, at 
the rate of 135 marks for 120 florins. 

22. Exchange 8700 francs for Hamburgh marks, at the rate of 187} 
francs for 100 marks. 

ABBITBATIONS OF EXOHANaB. 

23. If the Exchange between London and Amsterdam be llf florins 
per £. stexMng, and between Amsterdam and Paris be at the rate of 55} 
florins per 115 francs ; find the rate of exchange between London and 
Paris. 

24. Bills on Paris, bought at the nte of 25 francs 85 cents per £ 
steriing, are sold in Lisbon at 190 rees per franc; what rate of exchange 
is there between London and Lisbon? 

25. The exchange between London and Hambuigh is 1 3 mks. 10 sch. 
per £ sterHng ; between Hamburgh and Paris is 150 marks for 275 frwncs ; 
what exchange does ^tfaat give between London and Parist 

26. If the exchange between Amsterdam and Hamburgh be at 11| 
flors. for 13} marks, between Amsterdam and Genoa be at 10} floia. for 
25 lire, between Genoa and Portugal be 5 lire for 800 rees, between Lis- 
bon and London be 1 milree or 1000 rees for 54(2., what exchange does 
this gire betweoi London and Hamburgh? and what difference will there 
be, between remitting £500 from London to Hamburgh by this circular 
route, and sending it direct, at an exchange of 18 mrks. 11 schgs. per £ 
sterling? 

27. The premium on gold at Paris is 5} per mille, which gives an ex- 
change of 25*29 ; if the quoted exchange of Paris on London be 25*22}, 
shew that gold is 0*26 per cent, dearer in Paris than in London* 

Ezs. 59. M. 

1. A debt of £144 7«. 6(2. Was paid in an equal number of guineas, 
half-guineas, and seven shilling pieces : required the number. 

2. A peck of flour gives 20lbs. of bread ; how much land would grow 
com enough for 1} millions of people for a week, at 4} quarters to the 
acre, and l}lbs. of bread for each person per day? 

8. The population of a town rises 1 per cent, for 8 years suooesuvely ; 
if at the beginning of the 8 yrs. the population were 1 million, id»t 
would it be at the end? 

4. Tea bought at 1<. 10}(2. per lb. pays a duty of 2f. 2}(f. per lb., 
what per centage of the whole cost is the taxation? 
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5. The 3^ per cents, are reduced to B} per cents. ; 150 miUions of 
stock are so converted : but the holders of 6 millions dissent ; if they are 
paid off while the stock is at 97ii how much will the nation gain or lose 
in the first year I 

6. An estate of 270 acres is bequeathed to three tenants, to be 
divided in proportion to their rents, which are £180, £120, and £60 ; 
how must the land be divided t 

7. Find a fourth proportional to }, |, ^ ; and to *05, *015, and '0075. 
S. Find the difference between the Simple and Compound Interest 

of £520 for 2 yrs. at 5 p. c, where the interest is paid half-yearly. 

9. A, B, and enter into partnership ; A puts in £100 for 6 months, 
B puts in £200 for 4 months, and C £100 for 15 months; divide a profit 
of £150 equitably. 

10. At what rate must I sell an article which cost 50«., so as to gain 
15 per cent. ? 

11. Find the purchase money of £1500 stock in the 3 per cents., at 
88|, including I per cent, commission. 

12. At what rate per cent, will £100 double itself in 8 years, S. Int. ? 

13. Find the annual income from a legacy of £5000 Stock in the 
^ per cents., after paying the legacy duty of 10 per cent. 

2 

14. Prove that the sum of the fractions 2^ and t^ is equal to 5 

times their difference. 

N. 

1. Show by a simple Ex., that Mult'' is nothing more than a short- 
ened mode of Addition. 

2. What would be the length of an acre of ground, if its breadth 
were 40 yards 1 

3. Find the value of 4*05 x *000012 ; also of 4'05-h '00012 ; and prove 
both results by vulgar fractions. 

4. What does £25 15«. amount to, when taken *125 times? 

5. If the means of a proportion be 9 and 16, and one of the extremes 
be 56, what is the other extreme? 

6. A person bequeathed £5000 to be divided amongst three persons, 
in the proportions of 3, 5, and 7 ; find their respective shares. 

7. Explain what fractions produce terminating, and what produce 
non-terminating dboimals. Give Exs. of each. 

8. Find the exact difference between *127«. and *12t«. ; and express 
the result as the fraction of a crown. 

9. What sum of money will in 5 years amount to £411 6$, at 8} p. c. 
Simple Interest? 

C. A. 8 
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10. Find the amount of inflnranoe upon £12500, at ia. 6d. per cent. 

11. What is the present value of £468 10#. due in 8 months, allow- 
iog 4^ per cent, f 

12. How many yards at 6«. 7|<2. per yd, must he given in ezsihange 
for 105 yds. at 3s. 4d, and 875 at 4s. 10^.? 

13. Explain the meaning of the terms direeUy and invendjf pvopor- 
tional ; and give Exs. of questions illustrating each expression. 

14. What decimal multiplied hy f of { of S*^ will become 17? 

15. How many yean* purchase should be paid for property, so as 
to receive 6f per cent. 1 

0. 

1. Find the Simple Interest of £500 for 5 years at 3) per cent. 

2. What is the number of cubic yds. in 1438790 cubic inchest 

8. How often must the sum of 2«. 6{d,, 3s. 9|c2. and 18«. 8J<2. be 
repeated, to make £100? 

4 If 10 francs be worth 6 florins, and 75 florins be equivalent to 4 
moidores ; how many francs must be given for 16 moidores t 

5. Find the frac™ which being multiplied by f of { of 2^ gives a 
product =1. 

6. The interest on a railway share is 3f per cent. ; what is the mar- 
ket value of each share and of the entire line, if money be worth 5 per 
cent., and the amount paid in dividends be £150,000? 

7. A sum of money has doubled itself in 17 years at Simple Interest; 
what is the rate per cent. ? 

8. I sell an article for 15s. 9d,, and by so doing gain 17 per cent. ; 
what was its prime cost? 

9. An estate which brings 8| per cent, lets for £546 ; what was the 
purchase money? 

10. Divide £70 amongst three persons, whose shares shall be in the 
ratio of the numbers -f, f , ^. 

11. Shew whether it is better to invest in the 3 par oents. at 89, or 
the 3^ per cents, at 94. What difference would there be, if £10000 
stock were held? 

12. Compare as vulgar fractions *025 x '07, 11*085 x *0008, and 
•1§ X 'OOS. 

13. A person mixes 25 bushels of wheat at 4s. 9(2., 86 at 5s. Cd,, 
and 15 at 6s. 6d. ; what must be the selling price per bushel of the mix- 
tare, to gain 10 per cent, on the above prices? 

14. Exchange £1050 for francs, at 25 fr. 50 ets. per £ sterliiqr. 

15. Exchange 9062 fir. 62) ets. for pounds sterlings at 25 fir. 85 ets. 
for £1. 
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I. Find a fourth proportional to 1, }, }; also a third proportional 
to 12 and 25. 

S. I lend £175 for 6 months when money it worth 7 per cent. ; for 
what time ought I to be able to borrow £250, when money is worth bat 
4} percent.! 

4. Explain the difference between Interest and I>isoonnt ; and find 
the true discount of a bill of £65 13«. at 4 months, drawn Oct. 4th, and 
discounted Nov. 26th, at 5 per cent. 

5. At what rate of interest would £350 amount to £889 7«. 6d. in 

3 yrs., at Simple Interest? 

6. Goods bought at £2 4». 6d, are sold at £2 18«. 9c2. ; required the 
profit per cent. 

7. A railway share^ originally costing £50, has paid a half-yearly 
dividend of £1 lOt. ; what will be my rate of interest, if the share cost 
me £55|! 

8. What will be the first yearns expense of an insurance on £1500 
at a premium of £2 ld«. 10(2. per cent., and a stamp duty of £8! Find 
the per centage, including the stamp. 

9. If the price of 500 bricks, of which the length, breadth, and 
thickneas are 12, 4^, and 8 inches respectirely, be 128. 6d, ; how many 
shall I obtain for the same money, if the dimensions be 15, 6, and 

4 inches! 

10. find the prices of investment in the 8, 3|, and 4 p. c. Stocks, 
when they each pay S| per cent. 

II. Distribute the sum of 1000 guineas in the ratio of 1, |, |. 

12. The ratio of the invoice price to the net price is 11 : 8; what 
per centage has been thrown off as discount from the invoice price? 

19. Bxchaage £415 lOt. for dollars at 4f. 6d,, when English money 
bears & premium of 7? p. c. 

14. Exchange 3500 dollars for sterling money, when the premium 
on English money is 10^ per cent. 

15. The exofaange between London and Paris is 25*5 fWmos per £ 
sterling; between Paris and Amsterdam is 117 francs for 55 florins, 
between Amsterdam and Hamburgh is 11 florins for 18 marks; what is 
the exchange between London and Hamburgh? 
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171. If any line be taken, as ab, and upon it a square, 
Fio. 1. ahcd, be described, this figure may be called 

the square of ah. And if we take a& as a 
unit of length, tIz. 1 inch, 1 foot^ ^a, then 
ahcd is called 1 square inch, 1 square foot, 
<fec. We ■ have here, therefore^ inches, feet> 
<bc. of length, or linea/r inches ; and inches, 
&c. of surface, or superficial inches, or square inches. 

Fio.2. 172. In like manner, if upon 

aby the annexed figure ahcdef be 
described, having six sides, or sur- 
faces, each equal to ahcdy it is called 
a cube : and, as before, if a& be taken 
as representing 1 inch, 1 foot^ &c, 
this figure will represent 1 cubic 
inch, 1 cubic foot, dec. 

We have now, therefore, three kinds of units of measoie- 
ment) viz. linear, or common inches; square, or superficial 
inches ; and cubic, or solid inches. Also, these three units 
are said to contain 1, 2, and 3 dimensions respectively. For 
example, the floor of a room, having the dimensions of length 
and breadth, is of th& same nature as a square; and any such 
surface is called an Area : but a cistern of water, having the 
three dimensions of length, breadth, and depth, is of the 
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same nature as a cube. The quantity contained by snch' a 
ciatem or similar figme is termed its Voltimey or solid content. 

Dep. a sur&ce which is so enclosed with lines, that 
any two which meet in a point are perpendicular to one 
another, is called rectcmgular, 

Obs. Any surface bounded by straight lines may be 
denoted by two letters placed at its opposite comers ; and 
any solid contained by such surfaces may be so denoted : but 
the two letters employed should not be joined together by a 
line. Thus, in Fig. 1, I should say the area hd, not ao ; and 
in Eig. 2, I should say, the volume /c, and not ae, 

Def. The lines (tc, €te, are called diagonals. 

173. I hare now to explain how to. find the area of 
snrfkees and the volume of solids : but as I do not propose 
to enter upon mensuration generally, I shall merely treat of 
rectangular surfaces, as squares and oblongs ; and of solids, 
the sur&ces ci which are also rectangular. 

174. Quantities which can be accurately represented by 
numbers, whether whole or fractional, are called conimensitr 
rable; and those which cannot be so represented, are called 
incommenvuroible. Thus it will be shown under the head of 
" Ratio," in the Appendix, that if in Fig. 1 the length of ab 
be represented by 1, ao cannot be accurately represented by 
any number whatever, whether whole or mixed. The quan- 
tity used for the value of a^ is 1*4:142 and this being 

nearly the true value, is termed its approximate value. 

175. We may here state as a fact, that the area of any 
rectangolar surface is found by multiplying the numbers 
which represent its length and breadth; also that the volume 
of a solid, bounded by rectangular surfaces, is found by mul- 
tiplying together the numbers representing the length, 
breadth, and depth or thickness. The above statements arc 
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true, whether the lines bounding the ai^ea or Tohime be 
conunensorable or not; bat they CMinot be prored to be 
nniversftlly tme without the aid of geometry^ We fihall, 
however, give an Ex. illustrating the correctness in each 
case, choosing of course only commensuraUe numbera 

176. Let AJBCD be a rectai^alar figure whose aides, 

JJB and AD, meeting in the point 
Af and called adjaoerU fddea, contain 
on exact number^ of unita^-p-viz. 
AB^^ inches, AJD^Z inches; let 
the opposite sides, ABy DC, be Prid- 
ed into four equal parts in a^ &, <^ 
and the sides A D, BC, be divided into 
three equal parts> in <^ ^; let the 
lines ina, hby eCy dd, ee,hQ drawn: the figure will be divided 
into equal squares, each of which has for its side 1 linear 
inch, as Jo^ and is therefore a square inch. Also^ counting 
vertically, there are three rows of squares^ because AD = 3 
inches; and each row contains four squares^ because AB = 4 
inches; so that there are in all 12 squares, i «. 3 x 4 squares : 
hence we see that the number of square inches in the area 
ABGD = the product of the number of linear inches In the 
two adjacent sides, AB, AD. 

Dee. The lines aa, lb, which are drawn so that they 
are at an equal distance from one another, are called |MiraM 
lines ; so also they are said to be parallel to AD or JK7. 

Hence, if I wished to draw lines, as aa, U, or ee^ in the 
above figure, I should say — ^through a, h, c, draw lines par- 
allel to AD, or BC, So also, dd, ee, are drawn parallel to 
AB, or DC. 

If AD had been = AB, then the figure would have been 
'a square, and the number of square inches in it would be 
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4x4, or 4' (oalled 4 gquared), s 16 ; i «, the xmmber of 
square inches in any square %ure wlioee aide is expressed in 
linear inches, is found by mnltiplyihg the number oontained 
in the side by itael£ Hence the second power of a number 
is called its square^ because it represoits the area of a square 
figure^ the side of which is the number itsel£ 

We can now show how the numbers mentioned in what 

is called '* Square Measure," are obtained. 

For if 12 linear inohei » 1 linear foot ; 
therefore 12 in. x 12 in. 3 144 square inoheeaol square foot. 

So also, since 3 linear feet si linear yard, 

8 ft. X 8 ft. =9 square feetsl square yard. 

Again, S\ linear yards^ 1 linear polo^ or perch ; 
therefore 5} yds. x 5} yds. = 30^ sq. yd8. = l sq. perch; 

and these square perches, yards, &c,, are the quantities 

always made use of in measuring land; for no amount of 

perches in length could make up an acre, which consists of 

surface, 

177. In measuring sur&ces, such as square feet of tim- 

ber, many arithmeticians have called the twelfth part of a 

p^ ^ square foot, as Ad or Ab, an inehf 

and a tweKth part of Ad^ viz. Aa, & 
part : but since a pupil is taught in 
*' Square Measure" that Aa is an 
inch, and that 144 such inches make 
up a square foot; it is clearly absurd 
to call Ad an inchf seeing that 12 
such make up a square foot : we shall, 
therefore^ confine the name inch to 
Aa, or any quantity equal to it. But the divisions of AG 
have been, and may be^ called superficial primes, seconds, 
thirds, &c; where it is to be remembered, that a prime is 
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Aih of a square foot, and each succeeding denomination is 
Y^th of the one preceding it. So also, linear inches are 
sometimes called primes, and twelfths of an inch, seconds. 

The square inch, Aa^ might also be divided, exactly as 
we have divided AC ; and its twelfth part would be called a 
third, and be similar in shape, though not in size, to Ab or 
Ad; and the twelfth part of this third would be called a 
fourihf and be similar in shape to Aa. 

Also, observing Fig. 4, we learn that 

1 foofc X 1 foot = 1 sq. foot, as AC, 

1 foot X 1 inch = 1 sup. prime, as Ab, 

1 inch X 1 inch = 1 sq. inch, or sup. second, as Aa» 

178. It must be distinctly noticed that we do not 
multiply together concrete quantities, as feet by feet, inches 
by inches, &c,; we merely multiply the number of feet or 
inches in the length by the number in the breadth; and 
then we observe that the number obtained in the product is 
equal to the number of superficial units, primes, &a, in the 
area contained by the above length and breadth. The same 
remark applies to the multiplication of three dimensions, in 
finding the volume of a solid. 

Attention to this fact, that concrete quantities cannot be 
multiplied together, will save persons firom the absurdity of 
attempting to multiply pounds, shillings, or pence, by 
pounds, shillings, kc, I can multiply 58, by the number 5, 
and the product is 258, ; but if I attempt to multiply 5s, by 
5«., I know of no quantity which can correspond to such a 
product. And in considering (74) it must be noticed, that 
though in the practice of Bide of Three I appear to be mul- 
tiplying the third term by the second, each of which is gene- 
rally a concrete quantity, and then dividing by the first term, 
-whinh is also generally a concrete quantity; yet, since the 
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concrete multiplier and divisor are of the same kind, the 
resnlt is that I have merely multiplied by a fraction, I e. by 
an abstradi number, generally fractional; and the common 
process has been, that I have multiplied the third term by 
the numerator, and divided by the denominator of this 
fraction. 

179, We can now find the area of any rectangular 

figure ooatained by commensurable lines. 

Let A DOB be a rectangalar figure, 
of which the side ilfis4 ft. 6 in., and 
the adjacent 8id« AD^^h. Sin. Let 
AB be divided into £set in the points 
a, 6, c, S, and AD so divided in the 
points d, e, P. Draw a/, hg, ek, Ek, 
parallel to AD, or BOx and draw dm, 
d, Po yMtJlfMoAB or DO, according to 
(176). Let int,i^o^ intersect in (7. Then 
the whole area-4 C:^A 0+BG+DO+ CO. 
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Also, from (177) we have 

sq. ft. lup. pr. M. in. 

A0=^ABxAP^4 ft.xSft.^l2 9C{.fi. =12 

BG=EB X ^(?'=6 in. X 3 ft. = 18 sup. pr. = 1 6 

i>(?=/'^x/'i>=4ft.x3in. = 12 8up. pr.= 10 

(?C=^x^* «6in.x8in.=18sq. m. « 1 « 
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180, Observing these four results, we may place the 
work in a condensed form, as ai^nexed. 

Since onr proposal is to find the product of 4 ft. 6 in. by 8 ft. 8 in., 
we place one number under the other nearly as in Compound 
in; n. I. Multiplication, and commence multiplying the lowest de- 
ft. 'In. nomination in the upper lino by that in the lower line, and 
4 6 so on through the multiplier. I gire the operations which 
8 ^ are required to perform the work mentally, observing that 
6 each product as it is formed can be reduced to the next 

higher denomination by dividing it by 12. I commence at 

1^ 7 6 the right-hand and proceed thus : 8 x 6=18, which, divided 
"" by 12, give* 1 to carry to column (n.), and 6 to put down: 

8—5 
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3 X 4=12 £>r cohann (n.), wUcb, wiUi tiie 1 oarried^ is 13, and divided 
by 12 gives 1 to carry to (ni.), and 1 to set down in (u.) Again, com- 
menoing with the multiplier 3 feet, I have 3x6-18 in (n.), which 
divided by 12 gives 1 to eany to (IH.)> <^cl * remainder 6 in (ii.) : 
lastly, 8x4=12 for (m.), which, with the 1 to oanry, beoomM 13. 
Adding the two rows, I have the result 14 sq. ft. 7 sup, primes, 6 sq. in. ; 
or, bringing the primes to square inches, I have 14 sq. feet 90 sq. inches, 
as in (179). 

Comparing the operations of this article witih those of the 
last, i notice that the steps which prodnced ihe first product 
of the multiplication sum in (180). are the same as the 
third and fourth in (179) I ^^ those which produced the 
second product are the same as the first and second in that 
article. Hence in Exs. similar to the one now worked, we 
need not draw any figure to insui*e the corre c tness of the 
work obtained by the multiplication in (180). This mode of 
working is called Gross MultipUeeUiorif and sometimes Dtio- 
decimals. The latter name is given in consequence of the 
work of such an Ex. being precisely the same as in Simple 
Multiplication ; provided that^ in working from right to left, 
we take every figuxe as having twelve times the value which 
it would have one place to the right, instead of ten times 
that value, as in common numbers. 

That the area= 4J x 3^ sq. ft. may also be thus shown ; bnt to pnpils 
iinaocustomed to follow a demonstration, the above proof appealing to 
the eye is often more satisfactory. 

Let the ddes AD, A B, he divided into fourths of a foot^ ». e. of the 

linear unit : the former (4^, or V) ^iU contain 18 such parts, and the 

ktter (3^ or V) ^i contain 13 ; and if parallels are drawn through 

these several points of division, the whole rectangle A BCD will be cut 

up into a set of small squares, each <tf which is the 16th part of the 

square unit, (1 sq. ft.) ; and the number of the small squares will plainly 

be 18 taken 13 times, or 18 x 13. Hence tiie area, expressed in tenns 

18 X 13 18 13 
of the square unit, (1 sq. ft.), will be — r-^ — =-^x-— =4Jx8i = the 

lo 4 4 
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the numbers representing the two adjacent sides. 
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Tlu» awa=| x ^ tq. ft. =iH .q. ft. 

' sl4f sq. ft. =14 tq. ft. 90 sq. inches^ 
asbofore. 

181. Next, let one or both of the adjacent sides of any 
rectangnlar figure, whose area is required, consist of feet, 
inches, and twelfths of an inch ; we must then further divide 
a square inch as we divided a square fi>ot in (177) : and we 
th^ileamihat 

1 inoh X <ff inohs^gtli of « tq. inob, or 1 super, tbird ; 
•^ inob X ^ inob ssy^ super, incb, or 1 superficial fourth. 

We can now, without further explanation, follow the work 

of the accompanying Ex. 

Find tba araa of « rootMigtikr floor, wbereof the lengtb is 9 feet 

4 incbes 7 seconds, and the brea4^ 5 feet 6 inches 4 seconds. 
ft pr. MO. 
9 4 7 The highest denomination, 51, in this product has 

^ ' ^ prindpally been obtained from the multiplication of 

5 feet and 9 feet, and is therefore square feet; and the 

remaining denominations are superficial primes, 

seconds, thirds, fourths: and the whole answer is 

written 51 sq. feet 10 sup. pr. 4 se?. (or sq. in.) thirds, 

4 fourths ; or, neglecting the fourths, 51 sq. feet, 124 sq. inches. 

EX3. 60. 

1. Multiply 4 ft. 7 in. by 8 ft. 3 in. 

2. „ 13 ft. 5 in. by 27 ft. 9 in. 

3. „ 2 ft. 6 in. 4 sec. by 11 ft. 3 in. 

4. „ 18 ft. 4 in. by 8 ft. 6 in. 9 sec. 

5. „ 7 ft. 2 in. 5 sec. by 11 ft. 3 in. 4 sec. 

6. „ 15 ft. in. 7 sec. by 18 feet. in. 11 sec. 

7. What is the cost of paving a rectangular area, 20 ft. 6 in. by 
4 ft. 3 in., at 30«. per square yard ? 

8. A room is 97 ft. 8 in. in circuit, and 9 ft. 10 in. high ; what will 
tbe painting come to at 7 id, per square yard? 

9. Ho^ much will remain out of 393 square feet of carpeting, after 
covering a floor 23 ft. 6 in. long, and 16 ft. 7 in. broad ? 

10. Find the whole surface of a box, whereof the height, length, 
and breadth are respectively 3 ft. 2 in., 7 ft. 5-^ in., and 4 ft. 8 in. 5 see. 



3 1 

4 8 8 
46 10 11 


6 
6 


4 


51 10 4 





4 



180 



ABBA AND VOLXTME. 



11. What is the whole surface of a cubieal box, the edge of which 
is 2 ft. 9 in. ? 

12. A house has 63 windows ; 40 of them contain 12 panes, each 
20 in. by 16 in. ; the remainder contam 9 panes, 16 in. square ; find the 
cost of glasnng the whole at 28, Sd. per square foot. 

13. A Turkey carpet, measuring 11 ft. 6 in. by 9 ft. 8 in., Ib laid 
down on the floor of a room measuring 14 fb. by 12 ft. 6 in.; find the 
quantity of oil-cloth necessary to complete the covering of the floor. 

182. We have stated that the length, breadth, and 
depth of a solid must be multiplied together to obtaon its 
volume ; we now proceed to give an Ez« of the truth of this, 
just as we have already worked one in a question of two 
dimensions. 

First, let all the dimensions consist of whole numbers, viz. 3, 4, 5 
inches; and let ABCOSheihe solid, where AS:^5, AB^B, AD^i. 

Fio. 6.» 
I E 




Let IKLM be a section of the whole solid by a plane parallel to 
A BCD; then, since AE^5^ the whole solid may be divided by similar 
planes into solid blocks, the base of each of which is A BCD, and the 
thickness 1 inch : hence there will be five times as many solid inches in 
the whole ^(?, as there are solid inches in AL, 

Now, by (176) the area A BCD — 4, in. x 3 in. =12 sq. in : and if upon 
each of these square inches a solid inch be placed, there will be twelve 
solid inches in AL. Hence, in the YrhoXeAO, i, e, in five times A L, there 
will be 5 X 12 cubic inches ; i. e. the volume of the solid = 5 x 4x3 solid 
inches. Of course, if the three dimensions had been expressed in feet 
'"°*-ead of inches, the result would have been 5x4x3 solid feet. 
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Fio. 7. Let now tlie solid hare all ita cKmet- 

rions equal, and eacli=l foot, then the 
figure 18 a cubic foot, and its Yolume 
IP =12in.xl2in. xl2in. = 1728cub. in., 
and 12 X 12 X 12, or 12* is caUed 12 cmM. 
Hence we can obtain the numbers exhi- 
bited in what is called '' Solid Measure." 
For 12 in. x 12 in. x 12 in.^ or 1728 
solid inches ^ 1 solid foot ; 

8 ft. x3 ft. X 3 ft., or 27 solidfeetsl 
solid yard. 

By a daadfication siinilar to that of (177), we term a 
twelfUi part of a solid foot, a solid or cubic prime ; a twelfth 
of a prime, a second ; and so on : but we must always 
remember, that though we use but one set of names, we 
have three kinds of primes, seconds, <&c., viz. linear, superfi- 
cial, and solid ; and the various sorts can never be added to 
or subtracted from each other — for it is evidently impossible 
to add an area either to a line or a volume. 

By observing Fig. 7 we learn that 
1 sq. foot X 1 linear inch = 1 solid prime, as DO, 
1 sup. prime x 1 linear inch = 1 solid second, as CL. 
1 sq. inch or 1 sup. sea x 1 linear inch = 1 solid third, or 
solid inch, as CK. 

Lot A BCD EG or BE 

be a solid contained by rect- 
angular surfaces; let the 
three adjacent edges, GB, 
CD, Off, be respectively 
equal to 4:ft. 5in., 2ft. 6in., 
and 3ft. 4in. ; or 4i%, 2J, 
3J feet. Accoi-ding to the 
second method of (180), let 
each of these adjacent edges 
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be divided into twelfths (12 being the least common denom- 
inator of their fractional parts) ; then the number of twelfths 
in them will be 53, 30, 40 respectively; and through each of 
the points of division draw planes parallel to the several 
fitces of the given solid ; then the whole volume will evidently 
be divided into smaller cubes, each having for its edge one- 
twelfUh of the linear unit, and the voIvom of whidi will 
therefore be ^rW^ ^ ^^ former solid unit. Also, the 
number of these small cubes will by (182) be 53 x 30 x 40 ; 
and therefore the volume expressed in terms of the* cubic 

•wi V jf ^\ -111. 53x30x40 53 30 40 
umt> (1 cubic foot,) will be j^^g — » ®^ 12 "^ X^ "^ 12 ' 

or 4^ x 2} X 3}, which equals the product of the numbers 
representing the three edges which meet in a point. 

By Cross MiUtiplication, the work will be as follows : 

4 5 
2 6 



2 

8 


2 
10 


6 


11 



8 


6 
4 


3 8 
83 1 


2 
6 





36 9 


8 






or 36}V2 BoL fl. or 86|| soL ft. 
183. WorkiDg fractiODally, the volume =— x - x -0--B0L ft. 

1 84. Since length x breadth x depth = volume (i.), there- 
fore length X breadth = -= — -r— ; and since length x breadth 

is of two dimensions, therefore —r — tt- is of two dimensions, 

3 dimensions . . •,. 

I. e, T-T' ^^ — gives two dimensions. 

1 dimension 
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volame . 3 dinen. 

So also, fiom (L) length = ^^;^5^5^^ ; t. «. g^gj^ 

gives one dimeDgioii : and any fraction in which nume- 
rator and denominator are of the same dimension, is of 
no dimensions, or cm abstract number. (See Art. 67.) 

185, The following Exs., are amongst the most useful 

of those in which the meajsurement of surfaces and solids 

occurs** 

Ez« L Find the nnmber of acres in a rectangular fields of whtofa 
the length is 35 chains 72 links, and the breadth 24 chains 8 links. 

To understand this qnestion^ a pupil must know that large pieces of 
land are measured by means of a chain called OurUer'i Chain, which is 
four poles, or 22 ysjrds, in length, and is divided into 100 equal parts, 
called XMiJbt. 

Also, an acre is equal to a rectangular surface of which the length is 
40 poles, or 10 chains, and breadth 4 poles, or 1 chain : hence, the area 
of an acre which is 40 poles long, and 4 poles broad, = 10 cluuns x 1 chain 
= 1000 links X 100 linksslOO,000 square links. Consequently, if the 
dimensions of a field be expressed in links, and its area thence be obtained 
in square Unks, this value, when divided by 100,000, will be expressed 
in acres ; t. e. if five places be pointed off as a decimal, the result will be 
acres and dedmal parts of an acre, which can be reduced to roods and 
poles. Returning now to the Ex., we have 

Length =35 chains 72 links =3572 links. 

Breadth = 24 chains 8 links = 2408 links 

28576 
142880 
7144 



Area=acres 86*01376 
4 

Boods '05504 
40 

Perches 2*20160 



and therefore the field contains 86 a. r. 2^ perches, nearly. 

Ex.*II. Find how many gallons are contained in a cistern of which 
the length is 40 inches, breadth 36 inches, and depth 16 inches. 



• For farther information on Mensuration, see Land's Geometiy, Ft xzx. 
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It must here be obaenred that an imperial gallon is equal to 277*274 

cubic inches : hence, when the number of BoHd inches in any volume is 

hnown, the number of gallons which it will contain is found by dividing 

those solid inches by 277*274. In the above Ex. we therefore have 

the solid content = (40 x 86 x 16) solid inches ; 

23040 
and therefore number of gallons contauied=7;^=-^^ . =83, neaiiy. 

Ex. III. A roof of 27i feet by 18| is to be covered with lead 
weighing 8 lbs. per square foot : what would it cost at the rate of £5 O. 
for 5 cwt. f 

The area of the roof =27^ ft. x 18| ft. 



4126 J. 
sq. ft. 



8 

4125 
hence, weight of lead= —5- X 8 lbs. = 4125 lbs. 

o 

To find the cost of the lead, we have the following statement : 

5x112 lbs. : 4125 lbs. :: £5 4». 
The fourth term will be found to be £38 6«. Of (?. 

EZ8. 61. Form the following products :— 

1. 8 ft. 2 in. X 4 ft. 9 in. X 5 ft. 7 m. 

2. 15 sq. ft. 73 sq. in. x 2 ft. 6 in. 

8. 11 sq. ft. 9 sup. pr. 3 sec. x 9 ft. 7 in. 
4. 2 ft. 4 in. x 3 in. x 11 in. 

5. Find the capacity of a rectangular cistern, 12 ft. 3 in. long, 
5 ft. 7 in. broad, and 2 ft. 11 in. deep. 

6. How many bricks, of which the length, breadth, and thickness 
are 12, 9, 6 inches respectively, will be required to build a wall, whereof 
the length, height, and thickness are 64, 9> and 1^ feet? 

7. What is the price of a block of stone, of which the length, 
breadth, and thickness are 37 ft. 8 in. ; 8 ft. ; and 6 ft. 5 in., at 5«. 6d, 
per sol. foot? 

8. How many square feet of board would be required to make a 
rectangular box, of which the length, breadth, and depth are respectively 
3^ ft., 2 J ft., and 1 ft. 2,^ in.? 

9. A cubic inch of water weighs 252*458 grains, required the 
weight (in lbs. Troy) of water in a full cistern 10} ft. long, 5^ ft. wide, 
and 11 in. deep. 
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10. ' The bottom of » eisteirn is ncUagular, and coDtaint 15 tq. feet» 
58 sq. in. ; how deep most it be to hold 164 galloiui, if » gallon contain 
277i cubic inches! 

11. The length of a reci^ngnlar field is 25 chains 87 links, and the 
breadth 17 chains 85 links ; find the number of acres contained. 

12. Find the number of chains and links in the breadth of a field, 
whereof the length is 35 chains 15 links, and the area is 45 a. 2 r. 81-( p. 
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186. We have already seen (92) that a nnmber, by 
being snocesaiyely multiplied by itself is said to be raised to 
a power ; and the order of the power, whether it be second, 
third, fenrtb, &c., depends npon the number of times the 
original nnmber is to be repeated. This prooess is termed 
Involution; and the reverse process of obtaining the original 
number from the power is called Evolution* The original 
number is called, with respect to its power, the Root; and 
this evolution is also termed Hostraction 0/ Boots, 

The Square Boot of any number or quantity is that 
number or quantity, which when squared, that is, multiplied 
by itself, will produce the original quantity. 

The Cube Boot is that which when cubed, or multiplied 
by itself tunce, wiU produce the original quantity. 

Thus^ since 5x5, or 5', or 5 squared (176), as it is 
called, = 25 j 5 is called the Square Boot of 25. Similarly, 
since 6x6x6, or 6", or 6 cubed (182) = 216, then 216 is 
termed the cube or third power of 6, and 6 the cube root or 
third root of 216. 

The sign J is used to express the operation of extracting 
a root ; and a small figure, placed thus ^, shows what root 
[here the thvrd root] is to be extracted*: but the figure is 
generally omitted when the sign refers to the square root ; 
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and the sign ^J itsdf indicates extraction of tlie Sqtiare 
Boot 

IST^ A number or qtiantity irlucli is thiui formed by 
the sqxzaring, OHbing, &o, of any number, is called a complete 
or perfect square, cube, &c. ; and therefore the square, cube, 
&0, root, of such a power can be exactly extracted : but any 
number, as 20, which lies between two complete squares, 16 
and 25, cannot have its root obtained exactly. But since 16 
has a root 4, and 25 has a root 5, ther^ore the root of 20 
will be between 4 and 5, or its value will be approximately 
expressed by the mixed decimal 4*472...; and similarly of 
every number whidi lias between two complete squares. So 
also every number which lies between two complete odbes 
must have its cube root expressed in a deeimal form. 

188. If a number be raised to a power, and then the 
same root of that power be extracted, we shall of course 

obtain the original quantity j therefore ^3' = 3 ; J^ = ff. 

Also, since the square root of a given number has been 
defined to be that number which, when multiplied by itself 
will produce the given number, therefore ,y2x^2 = 2:so 
also, y2 X i/2x ^2 = 2. Such quantities as tJ2, i/2, axe 
called Sttrds, or IrrcUional quantities. 

Obs. Since fourth, fifbh, disc, powers of numbers can be 
obtained, of course fourth, fifth, &c. roots must also exist ; 
but we shall here confine ourselves principally to the finding 
of square and cube roots. 

What has been said of the raising of whole numbers to 

powers is also true of fractional quantities, whether vulgar, 

2 2 /2\' 4 
or commensurable decimals. Thus, since Q><q*op(Q) =q' 

therefore . /g = « » which equals —^ ; t. e. the square rcx)t of 
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a fr" miisfc be obtained by taldi^ the aqvftie root of iivi^ 

2 2 2 /3\* 
and dexLommator. In like maimer, since -s^ -s^ o>^ (o ) 

=r ^; therefore . / oy = « > which eqoabi -^; t. e. the cube 

root of a finotion vill be found bj taking the cube root of 
both numerator and denominator. If the root of a mixed 
number be required, it must be reduced to an improper 
fraction or a decimal Thus : 

V 16 ~ V 16" Vl«~4" ** 
We diall preseatiiy show bow to extract the square and cabe 
roots of decimals as well as of whola numben. 



SQUARE ROOT. 

189. Before proceeding to investigate a rule for the 
extraction of Hie Square Boot^ we must remember the 
following : 

Digita, 1, 2, ^ i, B, e, 7, B, 9. 

Squures, 1, 4, 9, 16, 25, 36, 49, 64, 81. 
From what has been said, it is plain that the square of 1, is 1 ; of 10^ 
u 100; of 100, IB 10,000, fto. ko. 

Therefore the square root of 1 is 1 

I* „ 100 „ 10 

„ „ 10,000 „ 100 

f9 „ 1,000,000 „ 1000 fto. fte. 

Henoe^ if a nnmiber lie between 1 and 100, •• e. hare net more than 
tfDo figures, its square root is between 1 and 10, or has not more than one 
figure. 

If between 100 and 10,000, t. e. have not more than four figures, 
the root is between 10 and 100, or has not more than two figures. 

If between 10,000 and 1,000,000, ». e. have not more than tix figures, 
the aquare root is between. 100 and 1,000, or has not more than tkr» 
figures: and so on. 
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So tbat if over every ahemate figure of any namber, beginning at 
the unita' place, a point be placed, the number of points will show the 
number of figures in the square root. For example, 8757 has more than 
two figures, and not more than /our, or lies between 100 and 10,OOOi 
and therefore its root lies between 10 and 100, i. e. has not more than two 
figures, and the number must therefore be thus pointed, Sisf ; bo also 
Islsi is oorrectly pointed, for there will be three figures in the square 
root. The dirisions which are formed by these points are called periods. 
The periods in l345d are 1, 84, and 59. 

Also, since the square of *1 is *01, therefore 
the square root of '01 is *1 

So also, of -0001 is -01 

„ „ '000,001 is '001 &o. &c 

It hence appears that in the square of any decimal an even number of 
decimal places will always be found; and that if there be an odd number 
in any proposed Ex., the number of places must be made eyen, by 
appending a cipher, which cannot alter the yaluj9 of the dedmaL We 
then point every alternate figure of a decimal, from left to right, begin- 
ning with the second figure from the units* place, so that the last figure 
wUl always be pointed, in decimak as well as in whole numbem. 

190. The Ride for the Exiaraction of the Square Root is 
derived from an algebraical operation, wherein a complete 
square is taken, and a process is then contrived by which the 
root, which is already known, can be deduced from the com- 
plete square. 

I shall therefore proceed, contrary to my usual method, 
to give a Bule for extracting the Square Boot, without any 
more explanation than is necessary for the mere working of 
Exs. : and the arithmetical illustration of the above algebra- 
ical process, which I shall afterwards give, may be read or 
omitted at the reader's pleasure. 

Rule. Divide the given number into periods. Find the 
greatest square number which is not greater than the first 
period ; subtract it from that period, and place the root of 
the number in the place of the quotient in Long Division. 
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To the remainder, after sabizaotion, bring do^m two 
figures or one period, and consider the whole as a dividend. 

For a divisor, doable the root, and try how often it is 
contained in the dividend, except the last figure : the figure 
thus obtained by division place in the root> and annex it to 
the divisor. 

Multiply this whole divisor by the last figure in the root, 
and subtract this wihtrah&nd from the dividend. 

Bring down another period ; find a fresh divisor by adding 
the last figure of the former divisor to that divisor, and 
proceed exactly as before. 

Obs. It will be found that on dividing by the vnwm/pletA 
divisor — especially when the early figures in the root are 
small, and the latter ones large — ^there will result a quotient 
larger than the one which must be taken. The reason of 
this will be explained hereafter. 

I will work one Ex. which gives no remainder, i, e. where 
the given number is a perfect square, viz. 81796. 

A pupil will find himself less liable to make mistakes in bringing 

down the periods, if in actual working he points off as I have done below. 

SU7'96' ^286 The greatest square number not greater than the 

^ first period, 8, is 4 ; I therefore subtract 4 from the 

^^) ^^7 3^ a,Q(| place in the quotient, 2, the root of the 4 : to 

^ the remainder, 4, 1 bring down the second period, 

3396 ^*^* ^"^ consider 417 as my dividend. For a divisor, 

■ I double the 2 in the root : and on dividing 41 by 

this divisor 4, 1 obtain a quotient 10; but upon trial 
I find that 8 is the largest quotient that can be employed. I place the 
8 in the root, as well aa at the right of the 4 in the divisor, making a 
complete divisor 48 : multiplying this 48 by the 8, I have a subtrahend 
884 ; the remainder, after subtraction, is 33, and with the third period 
96 g^ves a new dividend 8396 : adding the last figure 8 in the divisor 48, 
to that 48, I have, as new partial divisor, 56, which goes six times in 
339 : placing the 6 in the root and in the divisor, and multiplying the 
whole divisor 566 by the 6, 1 have a subtrahend 3396, which, upon sub« 
traction, leaves no remainder. The square root i% therefore 286. 



49) 476 
441 
CS6J 3553 
3516 


59206J 


375000 
855236 

19764 
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Since meet of the nmnbers we meet wilih are not perfect 
squares, we can obtain only approximate roots of cracli num- 
bers ; and the operation is earned to about three places of 
decimals hi the root^ requiring of course, six places in the 
number. If the given number be an integer, or hare not so 
many as six decimal places, the number must be made tip by 
appending ciphers. 

Ex. II. Find the square root of 876 *535. 
8'76*-53W00' (,28-606... i app«id three ciphera, and point 
^ AOoordiDg to <189). Wliea the third 

divisor, 592, is obtain^dy the quotient 
is ; I therefore place the 0, as usual, 
in the root and in the divisor, then bring 
down another period, and proceed as 
before. Since there were two periods 
in the integral part of the given num- 
ber, there will be two places of int^^ers 
in the root, and the decimal point must be put after the 2d. 

191. I will now illustrate the algebraical process men- 
tioned in (190), as far as can be done in arithmetic. 

liCt the square number 169 be taken, the root of which is 13. If thi^ 
number and its root be expressed in the required algebraic fonn, they 
will be respectively written 100 + 60+9, and 10 + 3. 

100 + 60 + 9 1^10+3 Putting in the place of the quotient the 

122 10 + 3, which is known to be the root, I 

20 + 8 J 60 + 9 observe that the first part of the root, via. 

ZlZZ 10, is the square root of 100, the first part 

of the number: I may therefore consider 
that the square root of the 100 gives the 10, and the remainder 60 + 9 is 
to furnish the 3. Observing the former part of the remainder, viz. 60, 
I notice, that if it were divided by twice the 10 in the root, I should 
obtain the required number, 3 : I therefore make 20, i. e. twice the first 
figure in the root, my divisor. Also, since there must be no remainder, 
I must have as subtrahend 60+9; and since the 9 is the square of 8, 
therefore, if I append the 3 to the 20 in the divisor by the sign (+ ), and 
multiply the whole divisor 20 +3 by 3, 1 shall obtain a subtrahend equal 
to the dividend 60 + 9, and therefore shall have no remainder, as was 
required. "" « 
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An algebndcal process siinilar to the above would prove 
that this method of prooariiig a divisor and sabtrahend 
would al%ott$f$ suooeed in bringing no remainder, t. e. in 
obtaining the exact root of a complete square. Bat this Ez. 
of comae only UludraUi the method of proo( and shows how 
the Bole is algebndeany dednoed. The operatimii when 
oondiNised into an arithmetical form, sUnds thus: 



1 

69 



192. I will woil: one more Ez. which will diow how an 
error in the quotient may arise in dividing by an incomplete 
divisor. 

(27)*= 729, which may be put into the algebraic fona 400+ 280 +49 : 
and the root is 20 +7. 

And thiiy wheocondeDtedy is 

400+280+49 t20+7 7*29* (27 

400 4 



40+ 7 J 280 + 49 47 J 829 

280 + 49 829 



Obs. Since to divide 280 or 320 by 40 is the same as to 
divide 28 or 32 by 4, I may therefore call 4 the divisor, 
when 28 or 32 is the dividend, and consider 40 as the divisor, 
when 280 or 320 is the dividend. 

If this Ex. be worked in the usual manner, it will be 
found that the incomplete divisor 4 will go eight times in 
32, whereas the real quotient is found to be only 7. By 
observing the algebraic method, I learn, that when the divi- 
dend 329 is separated into its parts 280 + 49, the true 
quotient is obtained by dividing only the lormer part, 280, 
by the 40, or 28 by 4 : but in the arithmetical operation I 
cannot see how much oi 329 is the former part which will 
give me a correct quotient; and therefore I have to dividr^ 
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the whole 329 by 40, or 32 by 4, and so nm the xidk of 
an error. If the second part of the dividend 49 had been 
less than 40, the quotient would at once have appeared to 
be 7, and no error arisen. Hence the larger the second part 
of the dividend (as 49) is, when compared with the incomplete 
divisor, (as 40), the greater will be the ^ror : and since the 
4 in the divisor was obtained horn the /ormer part of the 
quotient, viz. 2, and the 49 from the laUer part, viz. 7, the 
error will be the greatest when the earlier figures of the root 
are small, and the latter are large. 

This method of proof is not limited to numbers, the 
roots of which consist but of two figures : but any attempt 
to extend the illustration would be very cumbrous without 
the use of algebra. 

Ezs. 62. 

Extfract the Square Boot of each of the followiDg numbers : — 

1. 729 4. 2832489 7. 1241if| 10. 197-4025 

2. 11025 6. 27 A 8- 12122x^7 11. 86-343 

3. 8264446281 6. 871|| 9. 10*5625 12. •002401 

193. We have seen (176) that the area of a square 
is obtained by squaring any one of its sides; hence the 
nimiber in the side of a square is found by extracting the 
square root of the number which represents the area of the 
square. 

The number which represents the area of a square figure 
may not always be a complete square: for instance, if in 
Eig. 1, p. 171, a square be described with sides equal to ac 
or ^2f then its area would be (/y2)'~2, which is not a 
p^ect square. When, therefore, the number representing 
the area of a square is not itself a perfect square, the number 
representing the side will be incommensurable or irrational. 

Quantities which are not perfect squares, cubes^ ^, may 
^« «%o4e so by multiplying them by certain &ctors. For, in 
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Order that a ntzmber may be a complete sqaare, each of its 
fitctors must be contained 2, 4, 6, &0i times, ie. some mul- 
tiple of tvfo times; to be a complete cube, each must be 
contained 3, 6, 9^ ko, times, i,e, some multiple of three times; 
and so on for higher powers. For example, the number 144 
will be found = 2^ x 3', where the indices 4 and 2 are mul- 
tiples of 2, and therefore 144 is a perfect 8qu<»re. So also 
1728 = 2^ X 3', where the indices are multiples of 3, and 
therefore 1728 is a perfect cube* 

Hence, if I resolve any number into its Actors, I can tell 
by inspection whether it be a perfect square, cube, &a ; and 
if nol^ what additional factors must be introduced into it to 
make it so. Thus 20 = 2' x 5; and since the index of the 9 
is not a multiple of 2, it must be made so, by introducing an 
additional 5; it then becomes 2' x 5*, or 100, a perfect square. 
Again, to make 48 a perfect cube, I observe that 48 :? 2* x 3 ; 
and in order that the indices may be multiples of 3, this 
must be changed into 2* x 3', and therefore be multiplied by 
2' X 3', i. e. by 36; and we then shall have 48 x 36 = 1728, a 
perfect cube. 

In obtaining the square root of a fractional quantity, we 
may extract the root of numerator and denominator, if the 
denominator be a complete square, as in (188). 

^ /729 27 



'"v/i 



1226 36' ■ • ' 

or, taking the case of a mixed number, 

But if the den' be not a perfect square^ it is better to 

reduce ^e fraction to a decimal, and then extract the root. 

For example, if I have to extract the square root of 27^jfy 

then, since '27^ = 27-210937l>, a single iaxtraction wilt 

a A, ^ 
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suffice to giTB the answer at once; whereas, trjring thefonner 
method, I should have 

^3483 59-01 



V27^=y/^ 



128 11-31 ' 

and to obtain the result^ I must extract itoo roots, and per- 
form an operaticm in Long Division* 

Again, we may make the den' a complete square, as 
described in the preceding paragraph; and then, since the 
root of the den' will be known by the very process of com- 
pleting the square, it will be necessary to extract only the 
root of the num'. Thus, taking the above example, and 
observing that a £Mstor 2 will make the 128 become 266,.. y or 
16", we have 



n^s-ST- /3483 76966 88-462... -«,^ 

^^2?^=^ \/us = Vise = -TT- =^'2^^- 



••• 



In finding the root of a circulating decimal, it will some- 
times happen that the equivalent vulgar fraction will have 
both numerator and denominator complete squares^ and we 
can then readily extract the root. Thus: 

Vf?=Vlt=VV=i=ll> or 1-8. 
But as this is rarely the case, we must generally find the 
approximate root by the usual method, though it will not be 
a recurring decimal. 

194. Sometimes a fraction involving a surd may be in 
its lowest terms, but yet not in a form the most convenient 

for finding its value. Thus —t^ is in the lowest terms; but 

multiplying numerator and denominator by J2y It becomes 

-7^ — 7K-%rf or ok/2. And we shall find that this fraction 
J2x,J2 2 ' 2 ^ 

is more ample than the former one. For, tojaoQji » 1*4142... 
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therefore -^ = TTZuQ — ' whick will require a Long Diyisbn 

sum to bring out its value; }mt^J2 = ^{lH4:2...)='707h. 

by mere Short Division. Hence s n/S ia more simple than 
J_ 

And as a general rule, all quantities involving surds are 
in their simplest form, when the surds are in the numerator 
and not in the denominator. 

The following Exs. illustrate the operations of the last 
few pages. 

Ex. I. A tqaare field oontams 15 a. 2 r. 20 p. Find its side in 
chains. 

15 a. 2 r. 20 p. e2500 0q. polei ; tharefore the side of a field oontain- 
ing 2500 sq. jK>le8=s50 linear poles 

s=— linear ohains (since 4 poles =1 chain) 

sl2| Unear chains. 
Ex. H. Two acres of land are to be eat from a rectangular field, of 
which the breadth is 2 chains 50 links, by a line parallel to it. Pind 
the length of the plot. 

1 acres40 p. x4 poles=10 chains xl chain=10 sq. chains; and 
length X breadth =2 acres; or, since the breadth is 2^ chains, therefore 
length X 2| chainss2 aeres=2x 10 sq. chainsa:20 sq. chains. 

__ , . V 20 sq. chains 

=11; C) X J linear chuns (181) 

= 8 linear chainSi 
EXS. 63. ^^d the value (to 4 places of decimals) of 

1. Vs ^ T/I ^* "J^^ *• ^^^ 

5. Find the mde of a square field, whose area is equal to that of a 
rectangle 1800 yds. by 800 yds. 

6. The sides of 2 squares are 15 ft. and 25 ft. ; find the nde of 
another which shall equal the sum of the two f omher. 

9—2 
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7. A rectangular field measures 64 ft. in length by 48 fts>in breadth ; 
what is the length of the diagonal?* 

8. A square field contains 8 a. 8 r. 2^ p. ; find the length of its 
side in yards. 

9. The painting of a square area^ at 7^. per square yard, comes to 
£22 15«. 7i<2« ; find the length of the side of the square. 

10. Two sides of a triangle are respectively 286*25 and 24&*75 ft., 
also the altitude is 2} ft. ; find the length of the base*. 



CUBE ROOT. 



195. The following numbers must be first rememT>ered : 
Digits, 1, 2, 8,^ 4, 6, 6, 7, 8, 9. 
Cubes, 1, 8, 27, 64, 126, 216, 843, 612, 729: 
and it will be observed that no two of these cubes end with the same digit : 
hence, if « given number be a perfect cube, the last figure in its root 
may be known. For instance, if a cube number end in 8, its cube root 
ends in 7 : if the number end in 2, its root ends in 8. Becoflectioii of 
this &ct is often of service. 

According to the method of (181), we learn that the cube root 

of 1 is 1 

„ 1,000 „ 10 

„ 1,000,000 „ 100 &c. &c - 

hence, if a number lie between 1 and 1000, t. e. have not more than 
three figures, its cube root is between 1 and 10, or. has not more than one 
figure. 

If the number be between 1000 and 1,000,000^ i. e. have not more 
than six figures, its root has not more than two figures : and if the number 
have not more than nine figures, its root has not more than three figures. 
So that if over every third figure, beginmng at the units' place, a 
point be placed, the number of points will show the number of figures in 
the cube root. 

Similarly, since the cube of *1 is *001 

therefore the cube root of *001 ^ , *1 • • 

Bo-also,... -000,001 „ '01 

„ ' „ „ •000,000,001,, ^01:&c. &c. 

It hence appears that the number of places in the cube pf .any decimal 
must always be some multiple of 3 : and if the number of places ill any 

I I ---'"-■"-''■ ' fc I ■ ^ 

• See Appendix, Note to Art BaHo, 
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dedmal, of whicb we have to find the cube root, be not a multiple of 8, 
it must be made so by appending dphen : we therefore commence point- 
ing at the units' plaoe, and point eveiy third figure to the left over the 
integers ; and to the right over the decimals, if there be any. 

The followiiig Rule, called Horner's method, though at 
first difficult for a learner^ yet has the merit of exhibiting all 
the work in a very convenient form, especially when the 
given number is large. But the proof of it would be out of 
place here, as it involves some knowledge- of the Theory of 
Equations. 

BuLE. L Divide the given number into perioda Find 
the greatest cube number which i& not greater than the first 
period. Subtract it firom that period; place the root of the 
number in the quotient, and form a dividend as in Square 
Boot. 

IL To the left of the number, and at some distance 
from it, place two columns (A) and (B). Tinder (A) insert 
three times the root, and under (B) three times its square. 
Annex one cipher to (A), and two ciphers to (B), and with 
(B) as divisor, find the next figure in the quotient. 

IIL Add this figure to (A) ; also add to (B) the product 
of (A) by the last figure in (A); and multiply the sum by the 
l^st figure in the root, to form a subtrahend ; subtract this 
from the dividend^ and bring down one period. 

TV. Under (A) place twice its units' figure, and xmder 
(B) the square of that figura Find the sum of the last two 
lines in (A), and of the last three in (B), and again annex one 
cipher to (A) and two to (B). With (B) as divisor, find 
another figure in the root, and proceed to form another 

subtrahend, as in (III.) of this Bule. 

Obs, Here, as in Square Boot, the divisOr often gives 
upon trial too large a quotient. But in working examples 
in Algebra by it, there is no such liability to error. 
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196. The foUowiog Example will be found to exemplify this Bole ; 
and the lines have been written widely, to indicate the succeiaye atept 
from (A) to (B)j and from (B) to the BubtrahendB. 



A 


B 




21717*689' C279 


60 






8 


7 


1200 s total divisor) 13717 


67x7 = 


469 






U 


1669x7 


ss 


11683 


810 


49 






9 


218700 




; 2084639 


919x9 > 


s 7871 








226071 X 9 


= 


2034639 



l^oe the first figure in the root is 2, 1 place 3 x 2« or 6, under (A), 
and 8 x 2', or -12, under (B), annex one cipher to (A) and two oiphen to 
(B). Using this 1200 as a divisor, I have 7 as the second figure in the 
root, which I add to (A), making 67, and to (B) I add the product of 
this 67 by 7> viz. 469, making 1669 : 1 multiply this 1669 by the same 7, 
making a subtrahend 11688, and obtain a dividend 2034689. I now 
place under (A) twice its last figure 7, and under (B) I place 7* or 49; 
I now add the last two lines in (A), making 81, and the last three lines 
in (B)> viz. 49, 1669, and 469, obtaining 2187; then annex one cipher to 
(A), two ciphers to (B), and making this 218700 in (B) as a divisor, I 
obtain a figure 9 in the root. I now add this 9 to the 810 in (A), and 
multiply the whole of it, or 819, by 9, making 7371, then add it to (B), 
making 226071 ; lastly, multiply this by the same 9, placing the product 
as a subtrahend. If there had been any more periods^ I shovld have 
commenced forming a fresh divisor, as in (IV.), 

197. The observations which were made upon the ez« 
traction of the Square Boot of Fractions in (193) apply also 
to a similar use of the Cube Boot. 

Just as the number in the side of an area of square form 
is found by extracting the square root of the number repre- 
senting the area : so the number in the edge of a volume of 
cubic form is found by extracting the cube root of the num- 
ber which represents the volume. 

I will work one or two Exs. to illustrate the application* 
of Cube Boot. 
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Ex.IY. AbeamiiCft. Obuloi^, 2ft.8iiu broad|tnd9in«tiiick; 
required thft tide of a cabe of equal capacity. 

Working fraotioDaUj, we haye 

•oHd content of beam » 6t ft X H ft. X f ft 



/27 ^ » ^ 8\ , ^ 729 , ^ 
VT 4 47 ■®^'^*64 ■®^*-» 



*/729 

therefore edge of the oabcK a/ — eoL ft m^ ^* fMt»2l linear ft. 

Ex. V. Find the area of any one of the liz niifitoee of a onbe 
containing 11 cnbicfeet^ 675 cuhlo inchflCk 

To find the area of this ■urfaoe, I muit find the edge of the onbe^ and 
square it. Bedudng the cubic feet to inches, I ha^e 

volume of cubes 19683 cubic inches ; 
therefore edge of the cubes i^l9683 = 27 linear inohet«2 ft 8 in. ; 

and areaof thetidehitq.ft.s(2i)*sQYs~»5A 

s5 sq. ft pr. 9tq. in. 

JSr. TI. Assmmng that the volume ci any cylinder equahi its 
length X area of its base, find the value of this area in a cylindrical wiie 
50 feet long, and made out of a square inoh plate of metal 'Off inohcs in 
thickness. 

Hersj since area X lengths whole volume of metal 

si sq. inch X thickness of the plate; 

or, since avea x 50 ft. s 1 sq. inch x *05 indiMi 



,. 1 sq. m. X *05 m. 

ineremre areas — ^^^ tn ' 

50 X 12 m. 

•05 . , 

sq^mdiet 



50 X 12 



( 



multiplying numerator\ _ 5 , . 

and denonmiator by 100/ "" 5000 x 12 **• 



sq. inches. 



12000 



Ess. 64 Sztraet the Cube Boot of each of the following 
numbers:^ 
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1. 


42875 


5. 


425 


2. 


970299 


. «. 


1367,Wir 


8. 


6589208 


7. 


2345AV 


4. 


82798729601 


8. 


423987^f 



9. 77-854488 

10. 284890-312 

11. 1334-633301 
000405224 



12. 



-064 



Find the yalue (to 2 places of decimals) of 



18. !tp[5 14. 4/155 15. y342'd 16. aJj^ 

17. Find the edge of a cabical box contiuiung 18824 solid inches. 

18. A cistern is 72 ft. long, 24 ft.' broad, and 27 ft. deep: find the 
edge of a cubical oistem of the same content. 

19. Find the length of the edge of a cnbe which contains 94 yds. 
14 ft. 1088 inches^ 

20. Find the whole surface of a cube which contains 15 solid feet 
and 1080 solid inches. 



TO EXTBACT ANY BOOT WHATEVEB. 

198. Upon the same principle as the Cube Boot Rule 
given above, is the following Bule for the, extraction of any 
root whatever. 

L Divide the given number into periods, each containing 
as many figures as the index of the root to be extracted. 
Find the root of the first period, and place it as a quotient. 

II. Form, at equal distances from each other, columns, 
called A, B, C, ^c. equal in number to the above index; and 
consider the first period in the given number as the head of 
the last column. Under that to the left, place the figure in 
the root; under the next, the square of that figure; under 
the next, the cube, and so on, The highest power, of this 
figure will &I1 under the first period; subtract it from that 
period, and form a new dividend as usuaL 

III. To find a trial divisor : — Under (A) again place the 
figure in the root, multiply (mentally) the sum by tiiis itx>t; 
but place the product under (B), not under (A); add the two 
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lines in (B), mtiltiplj the sum by the root, an& place the 
product Tinder (C) ; proceed in like manner to the last column 
which stands before the proposed nmnber. 

Commence at (A) precisely the same process, and continue 
it to the Icut colv/mn but one; again continue the same pro- 
cess, dropping a column each time, till only the first one is 
employed. Now annex oTte cipher to (A), two to (B), three 
to (C), and so on j and make the result of the column, which 
precedes the proposed number, a trial diyisor of the dividend^ 
thus obtaining another figure in the root. The subtrahend 
will be obtained presently. 

lY. The next trial divisor is obtained by forming a 
series of products with the new figure, of precisely the same 
kind as those obtained from the former figure. Also, in 
forming the first row of these new products, the last one to 
the right will be the. subtrahend from the lately formed 
dividend, and will after subtraction furnish & new dividend 

as usuaL 

£z. To extract the fifth rool of 6046617d. 



A 


B 





D 


60l6617d (,36 


8 


9 


27 


81 


243 


3 


18 


81 


824 




6 


27 


108 


4050000 


; 36166176 


a 


27 


162 


1977696 


86166176 


9 


54 


270000 


6027696 




3 


36 


59616 






12 


9000 


329616 






3 


936 








150 


9986 








6 










156 








• 



In the above Ex. it may Be seen that the first figure in the root, 
viz. 8, must be found by trial, as in Cube Boot. Under the five columns, 
A, ^, C5, D, B, there have been placed, 3, 8" or 9, 3' or 27, 3* or 81, 
8' or 243, this last power being the subtrahend from the first period. 
AUoy this figure 3 haa been added to (A) four times; each successive 

9—5 
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result luui been multiplied by this figure 8, and the products added to (BX 
In like manner, of the three results similarly formed in (B), the first two 
have been multiplied by the root figure, and the products carried to (C). 
The result of the first addition alone in (O) has been multiped and 
earried to (D). The results of the columns are now 11^ 00, 270, 405, 
and with the ciphers added become 150, 9000, 270000, 4050000, which 
last, taken as a trial divisor, g^ves 6 as the next figure in the root. 

To find a subtrahend, we proceed through the first steps which would 
be necessary if we had a third period^ and were obtaining another trial 
divisor. 

Shew that 25 is the fifth root of 9765625, and 27 the nxth root of 
387420489. 

Exs. 65. Q. 

1. Explain the process of finding the area of sa oblongs the rides 
whereof contain any number of feet and inches. 

2. Explain by figures the nature of the products when feet are 
multiplied by feet, feet by inches, inches by inches, &c down to tweHUu 
of an inch. 

8. Find how much money must be pM*d for £10800 stock ai 84|, 
and 28* 6d, per cent, brokerage. 

4. A mixture is made of 40 lbs. at 8«. 6d., 44 lbs. at 3«. 10^., and 
55 lbs. at 49. 6(2. y what wiU be the gain per cent, if the mixture be sold 
for £39 4«.t 

5. What is the interest of money mvested in the 8} per cents, at 89} t 

6. An inclined plane 8 miles long has a total rise of 212*15 feet; 
find the rise per yard in decimal parts of an inch. 

7. Beduce to a simple fractiom the ratio between the sum and difiisr- 
ence of these expressions :— ^ 

tt+i) X ii+i) and (• - }) X (f - i). 

8. Form the following product, (17 ft 4 in.) x (18 ft. 7 In.), by 
Duodecimals, and by Fractions. 

1 1 ^ 

9. Shew that ~^ ^ ^ is/S ; wluch is the simpler of the two, and why ? 

10. Fmd the square roots of 6424*0225 and of ^ff^. 

11. What is the solid content of a box, of which the height^ length, 
and breadth are respectively 3 ft. 2 in., 5 ft. 4 in., and 2 ft 7 in.! 

12. What is the true discount on a 4 months* bill fi>r £151 7$., 
drawn on January Ist^ and discounted on the 20th of February at 4} 
per cent ! 

18. An article which sold for 50 guineas caused a loss of 5^ per 
cent, what should it have fetdiec^ to produce 71 per ceat profit! 
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14. Ifiherateof eocohMigdlMtwMD Aflulerdaaaiid nrit be 21*1 
fiwcB for 10 floriiis, and betwetn London and AmilerdMn be 12*15 
florms for £1 BterEofi^ what ie the rate of exduuige between Iioodon and 
Panat • 

B. 

1. State two nnmbers between 1 and 100, eaoh that the first has 
eiaot aqnaxe and oube xoots, and the eeoond has exact square and fourth 
roots. 

2. If a oabio foot of air weighs 1| oa., what is the weight of air 
contained in a room 25 ft. 6 in. long, 16 ft. broad, and 10 fb. 9 in. high? 

8. A cubical block contains 24 ft. 1408 in. ; find its edge, and the 
areaof itsdddes. 

4. lind the value of tj^m ; wd of i/lSSS to two places of 
decimals. 

5. What is the extent of surfkce of a covered boX| of which the 
dimensions are 5 ft. 10 in., 8 ft 6 in., and 7 ft. 2 in. ? 

6. If the painting of a room 9 ft. 6 in. high, 15 ft. 8 in. long, and 
10 ft. broad, come to £5 7«. 6d, ; what will be the expense of painting 
another of which the length, breadth, and height are 18 ft. 2 in., 11 ft. 
7 in.^ and 12 ft. 8 in.! 

7. If 5000 rupees produce d£505 4«. 2d.f what is the rate of ex- 
change between England and the East Indies! 

8. If by selling goods at £2 6i, I lose 15 per cent., what would be 
the Ices or gain per cent, if the price were £2 ISi. 6d,l 

9. The ndes of two square pieces of ground are 860 yds. and 160 
yds. ; find the value of the latter, if the former be worth £800. 

10. Bailway shares which were purchased at a premium of 50 per 
cent, and sold at a discount of 25^ per cent., produce a loss of £7550; 
how much money was invested ! 

11. The length of a rectangular field is 12 chains 85 links, and the 
breadth is 10 chains 75 links ; find the number of acres contained. 

12. A square field contains 9 a. r. 4 p. ; find the length of its side 
in chains. 

18. Ki of a debt be due in 8 months, } in 4 months, f in 6 months, 
and the remainder in 10 months ; what is the equated time of payment ? 
14. Explain the meaning of the term " Fractional Quotient. " 

S. 

1. A person employs 6 men for 5 days at 8 hours each, and 5 
women for 6 days at 10 hours, at the respective wages of id,, and ^d, 
per hour; how much must he pay them! 
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2. "Ftad the BTunber <kf mfen in a sido of a square, if when draws up 
in rank and file they number 81 by 86. 

3. Beduce to the simplest form H of { of 1^) -^ (2} of ^). 

4. The disoount on £153 due half a year hence is £3, what is the 
rateof uiterest! 

5. In what time will £760 amount to £9X8 158. at 4| per cent. 
Simple Interest! 

6. How many years* purchase should be paid for freehold property 
to produce 5} per cent, t 

7. What is the value of & perpetual annuity of £60, reckoning 
money worth 4 per cent, t 

8. A testator bequeaths £500 to A, £300 to B, and £450 tO C, but 
his estate only produces £600 ; find each man's share. 

9. A cubic foot of water weighs 1000 oz. ; what is the weight of 
water in a full dstem, the dimensions of which are 7 ft. 6 in., 5 ft. 2 in., 
and3ft.t 

10. The mercury in a barometer rises uniformly from 29 *15 to 30'78 
in 12 days ; find the ratio of the daily rise to the average height. 

11. A square field has a diagonal 160 yards long; find the area of 
the field*. 

12. If a solid foot of gold weigh 1260 lb. 8 oz., and a solid foot of 
cork weigh 15 lb. Troy ; how much cork wilt weigh as much as 1 inch of 
gold? 

13. A cubical mass of metal, of which the edge is 8*35 inches in 
length, is drawn out into a wire, of which the area of a section is '561125 
square inches ; find the length of the wire. 

14. Shew how to make any number a complete 2nd, Srd, 4th, fto. 
power. Ex. Find a multiplier which shall make 75 a peifect cube!» 



* See Appendix, Note to Art. Hatto. 
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199. It will often haye been observed that eacli figure 
in any nnmber baa ten times the value that it would haye 
had, if it bad been one place to the right The selection of 
this number ten has arisen from its being the number of 
fingers on the hands; and hence has arisen the use of the 
term digtis^ for the Arabic figures, 0, 1, 2, 3, 4, 5, 6, 7y 8, 9. 

Hence 10 is called the Hadiz of the common Scale* of 
Notation, and the scale itself is called the denary scaler from 
the Latin distributiye numeral nian, in tens* 

If any other number be chosen as the radix of a scale^ the 
new scale deriyes its name from the corresponding Latin term* 
Thii8y if the radix be 2, the soale ii caUed the Binary, 



9f 


8 


w 


Ternary, 


l> 


4 


f> 


Qntatemary, 


M 


6 


it 


Quinary, 


ff 


6 


99 


Senary, 


ft 


• 7 


99 


Septenary, 


9» 


8 


99 


Odenary, 


U 


9 


t> 


Nonary, 


n 


10 


>* 


Denary, 


f9 


11 


>» 


Vndenary, 


9f 


12 


l» 


Dttodenary, 



In the two latter scales, since 11 and 12 digits are required, therefore 
the letters t and e are used to indicate ten and deven. Multiplication in 
the duodenary scale is really Duodedmale, 

200. We haye to shew bow to oonyert any number in 

tbe common scale into another scale; and conyersely. 

ITow it will be easily seen that any number, as 5372, in the 

common scale, can be written in the following algebraical form, 
6000+300 + 70+2, or &xlO*+8xlO»+7>clO+2. (I.) 



• TbPB term Scale hju here the meaning of the word Soala, a laddor, whereby we, as 
it were, ateend from lower to higher numbers by steps of 10. 
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And if 8 were the radix of tbe scale in wUch this said 
ntunber 5372 was arranged, the digits of which it is composed 
would be different; and i£ ct^b, e,d represented these new 
digits^ which I do not yet know, I should have 
ax8*+&x8*+ex8+<i~5d72. (IT.) 

Now, in series (I.), we may obserre that if we divide by the 

2 

radix 10, we shall ha ve as quotient 5xlO'+3xlO + 7-4-7Tr; 

3 

f. 6. Y^ is the fcsLcf part of the quot^ or as we commonly 

express it, 2 is the rem'; i. e. the last digit of a number in 
scale 10 is found by dividing the entire number by the 
radix 10. Also^ if we continue successively to divide the 
quot* 5 X 10* + 3 X 10 + 7 by 10, we shall get as rem" 7, 3, 
and 5; %,e. the successive digits fk>om right to left are obtain- 
ed by dividing by the radix, until there be no dividend left. 
So also, if we divide the left-hand side of (II.) by the new 

d 

radix 8, the quotient isax8' + &x8-fC4-^ or the remain- 
der d is the last digit, as 2 was, just above. Now the two 
sides of equation (II.) have of course precisely the same value^ 
and since when I divide the left-heoid side of (II.) by 8, I 
obtain the last digit in scale 8, therefore I shall obtain the 
same digit by dividing the nffhtAmnd side 5372 by 8. 

g ) ax8»+&xffl+cx8+d 8 j 5372 

d I 

% ) ax8«+&x8 +e + ^orrem' d 8/ 671 - gOr remr 4 

e 7 * 

Z ) ax8 +& +g „ e 8 j 88 - ^ „ 7 

8J_a +g » * 8^10 • I „ 8 



8 
1 
^ 8 



• ^ „ 1 
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the two qoutttiM in «in*1iQii (II.) in puaOel oohmuu^ and 

dividiiig both by 8^ I obtain m qnotientt, a x S'^-^ x S+c-¥^, and 671|. 

o 

Henoe the qvotitnti a x 8* +5 x 8+ 0, and 671 are equal, and the rem" d 
and 4 are equal ; t.«. the liiBt of the new digits to the right if 4. The 
second diyidon by 8 giyes equal quotients^ ria. a x 8 + 6= 83, and a rem' 
€»7. The next gives quotients a and lOrespectiTely, and a rem^ 6^8. 
Henoe the values of a, h,e,d,nn 10, 8, 7, 4; but sinoe in the seale of 8 
there can be no single number a^lO, I therefore divide the 10 still fur- 
ther, till I obtain two more digits, 2 and 1, in plaoe of the 10, and the 
entire number of digits will be 1, 2, 8, 7, 4, fto. ; and it now appears that 
there will be 5 figures in the number 6872 when expressed in the scale 
of 8, and the number will- be represented by 12374. 

And we can reconvert this number into the denary scale thus ; it 
equals 

lx8*+2x8»+8x8»+7x8+4 (IIL) 
B4096 + 1024+192+56 + 4 
k5372, as before. 

Henoe we learn that if we have to transfer a number 
from the denary scale to any other scale of notationi we hare 
only to diyide the proposed number by the new radix, till 
there is no integral %uetient» The suooessiTe remainders 
will be the ne^ digits,, the first one filling the units' plaoe. 

The process of reconverting from any of these new scales 
to the denary ib shown in (IIL), wbere the number 12374 in 
the octenary scale is restored to the denary, giving 5372. 

The fact that 5372 in the scale of 10 iae^ual to 12374in 
the scale of S is thus briefly exhibited;. 

(6372)...= (12374)^ 

201 . We have now seen how to convert from the denary 
scale into any other scale, and from any scale into the denaxy. 
But if we wish to change from any one of the new scales 
into any other one, as for example,, from the seale of 5 to that 
of 7, we must first change from the q[uinaxy to the denary, 
and then from the denaiy to the septenary. . 
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£z. Change 84201 from the qYunary scale to the septenary. 
Firat^ conyerting (34201)^ into the denary scale, I have 
(34201)5=3x5*+4x5«+2x5«+0x5 + l 
=3x625+4x125+2x25+1 
=1875+500+50+1 
=(2426)io (IV.) 

7 ) 2426 Now, convertiDg 2426 into the septenary scale, ao- 

7 J 846 - 4 cording to (200), as in the margin, we have as the new 
7) 49 - 3 di^ts, 1, 0, 0, 3, 4, or (2426)io= (10034)7. And this 
7J_7 - equality may be proved by the reconversion of (10034)7 
7^1 - into the denary scale ; thus 
^-1 (10084)7=1 X 7*+ Ox7»+ Ox 7*+3x 7 + 4 

=2401 + 21+4 
= (2426)io. 
Hence, we have (84201)5= (2426)^0 = (10034),. 

Ezs. 66. 

1. Change 845 from the common or denary scale to the binary. 
10101 from the binary to the denary. 
„ denary „ ternary. 
„ undenary „ quinary. 
„ nonary „ septenary. 
„ denary „ duodenary. 
„ undenary „ binary. 
„ binary „ denary. 
„ duodenary,, quinary. 

„ ternary „ senary. 

11. Add together in the senary scale, 25341, 5423, 4021, 13450. 

12. Find in the duodenary scale the value of 89^360— 4567^. 

13. Express the result of 187^56 x ^4789 in the duodenary scale. 

14. Find the quotient of 18763-^456 in the nonary scale. 

15. Find the area of a floor 15 ft. 11 in. by 7 ft. 9 in., by multiplying 
in the duodenary scale. 



^. 


99 


10101 


3. 


»» 


1375 


4. 


9» 


89^4 


5. 


9» 


14328 


6. 


99 


7854 


7. 


99 


3^45 


8. 


99 


11111 


9. 


» 


4444 


10. 


9J 


21021 



202^ It is a very good exercise for pupils to be able, 
widiout using any specific rules, to work examples which are 
generally wrought by rules; or, as it is sometimes expressed, 
to work them according to the principles of common sense, 
of course employing the four Simple and Compound Rules, 
and lleduction. 
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The most favourable examples for this exercise are those 
generally wrought by the Rules given in Simple and Com- 
pound Proportion. But here, as in (133), I will not assume 
proportionality in the quantities involved. 

Ex. I. If 9 men earn X15 10«. in 3 months, or 13 weeka^ what doee 
each man earn per week! 

If in 13 weeks 9 men earn 810«. 

then, m 18 weeks 1 man earns -rpf. 

9 

or m 1 week — th of -^i. 

810 « ^,,, 
or —8. or 2m, 7fJ«. 

Sz. H. If £2i0 be paid for bread snffioient to serve 49 persons for 
18 months, when wheat is iSi. per quarter ; how long wiU £235 find 
bread for 92 persons, when wheat is 56*. per quarter ! 

At 48«. per qr. £240 wiU serve 49 persons for 18 months, 

jfi 1 .49x18 ^, 

„ £1 „ 1 person for . months^ 

49 xl8 
and at Is, per qr. £1 „ 1 person 48 times m« 

48 49 X 18 
Henoe, at 56s, per qr. £1 „ 1 person ^ x months ; 

yw»or «o 285 48 49x18 

£285 „ 92 persons -52 X 56 "^ ^40"""- 

or, 8^^ months. 

This question worked as a Compound Proportion Example, according 

to (140), would furnish the following statement^ 

£240 £235 

92 men : 49 men :: 18 months. 

56«. 48«. 

- , , ,, 286x49x48x18 ^. 

and the fourth term would= - ^^^ x 92 x 56 ™°""^» 

the same as before. 

Ex. III. Find the present worth of £169 18«. id,, due 15 months 
hence, at 5 per cent. 

Here £100 in 15 months at 5 per cent, produces £6 5t,, or amounts 
to £106 59, 
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i. A ilM prawnt worth of £106} ii £100, 
100 



and.*.of£li8£ 



I06i* 



Mid .-. of £109 18t. id., or of £169^1 ie l??ii^l2?£, 

tlie resnlt which wonld be obtained by a rtalementi snoh ae in (149)« 

Ex. lY. If 7 men can do a piece of work in 15^ days, in what time 
will 8 men and 7 boya do the aame, reckoning a boy's labour worth 

g that of a man! 

7boys=:gof 7men; 

•*. 8 mm and 7 boy8= f 8 +g of 7 ) men, = (8 +4|) men =12f men* 

)ifoW| if 7 men do the work in 15} days, 

1 man will do it in 15} x 7 days, 

/. 12} men „ m -^^ day% 

T 

4 

ftH 7 ^ 28 ' 

or, in ^ X J X ^ days, or y days, or 9} days. 

8 
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EAST HISC£LLAMOnS EXAMPLES. 

1. In £100 how numy pdastrai at 8i. 7d. eschf 

2. What will be the expense of cwpeting a room 28| feet long, and 
16^ feet wide, at 2«. 9(1. per square yard! 

8. Expreae the «nm of the fractioni Itf , f of fe and gy byafrao* 

•hnr 

tion in its lowest terms. 

4. What smn will disohafge a debt of £06 U», an abatement of 10 
per cent, being made for present payment! 

0. What will the carpeting of a room 16} feet sqiuure amomt to, 
at 4m. lOid. a square yard! 

6. If a brick be inches long, 4 wide, and 8 thick, how many will 
be required to build a wall 1 foot 10 inches thick, 100 yards long, and 
4} yards high! 

7. An estate of 750 acres, which pays an ayerage rent of £1 12f. 6dL 
an acre, is burdened with a mortgage of £2500, for which i&terest is paid 
at the rate of 4 per cent per annum; what is the dear rental of the 
estate! 

& Beduoe{of(6}+2i)>aad|^|^^totheiridmplestforms. 

d. A, who travels 8} miles an hour, starts 2} hours before JB, who 
travels the same road at the rate of 4| miles an hour; when will £ over- 
takeii! 

10. Extract the square root of 81144064 and of | to three places of 
decimals. 

11. Addtogether^xf|ofagninea»t<^*>^>>l^£r»«>^dAofhalf- 
a*crown. 

12. Seduce | of 7) of 16| yards to the firaotion and decimal of a 
furlong. 

18. find the breadth of a roomi the length of which is 17} feet, and 
the area 250f sq. feet. 

14. How much money must be invested in the 8 per cents, at 84 
to produoe an annual income of £160! 

10. What fraction of £8 10«. is £2 0«. 6ii.! and reduce the result to 
adecimaL 
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16. How many cubic feet and inches are there in a solid, whose 
breadth is 9 feet 3 inches, length 11 feet 5 inches, and height 3 feet 
2 inches! 

17. Find the cost of 2627 sacks at 7«. ^d, per sack. 

18. Find the price of a piece of wainscoting 7 ft. 9 in. long, and 
9 ft. 8 inches broad, at 2c per ft. 

19. What ready money will discharge a debt of £85 due 5 montha 
hence, if an abatement be made at the rate of 13«. id, per cent: per 
month! 

20. What is land let for per acre, when the rent reoeiyed for 56 
acres, 8 roods, 17 perches, is £85 6i, S^d. ! 

21. What length of carpet i yds. wide will coyer a room whose 
length is 42 ft. 5 in. and breadth 31f ft. ! 

22. How much money must a person inyest in the 3 per cents, at 
90{ to produce a half-yearly income of £50 ! 

28. A cubic foot of water weighs 1000 ounces ayoirdupois ; what is 
the weight of a cubic inch in ounces! 

24. Goods are bought for £193 12«. and sold for £217 16«.;' what 
was the gain per cent.! 

25. If 6 horses in 2 days of 12 hours each plough 17 acres, bow 
many roods will 2 horses plough in 8 hours ! 

26. Find the o. o. K. of 86-595 and 57*980. 

27. Extract the square roots of 202500 and '000576. 

28. If the length of the year be taken at 865| days, instead of 
365*242264 days, which is the true length, what will the ecror amount 
to in a century! 

29. Bought a quantity of goods for £150 ready money* and sold 
them again for £200 payable | of a year hence, what was the gun in 
ready money, allowing discount at 4^ per cent. ! 

30. If discount be treated as interest, find the gain in the last 
question. 

31. If the expense of 3 persons on a tour of 5 months be £8159 how 
many persons will spend £378 during a tour of 9 months ! 

82. If 2 tons, 3 cwt 3 qrs. be bought for £112 10*., at what rate 
per cwt. must the article be sold, so as to clear 50 per cent. ! 

33. How much stock must be bought at 88] per cent, in order that 
by selling out when the stocks are at 90^, twenty guineas may be 
gained! 

34. Fmd the yalue of | of 1| of 12^, and diyide the result by 13). 

35. Find the value of *27 of £1, and reduce 13 lbs. 15 ox. to tbe 
decimal of a cwt. ^ 
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86k "What Bum of money bud oat in tiie 8 per oentip fti 89^ will 
gi-ve an income of £50 1 

87. Add together 8*14159, 16-821, -02, 4*59241 ; and diyide the 
som by 7500. 

88. The weight of a cabio foot ci water is 1000 onncee; find the 
w^eight of water neceesaiy to fill a ciatem wboee length ia 4 ft. 6 in., 
breadth 8 ft.« and depth 4 ft. 

89. find the difference between the amounts at simple and oompound 
interest^ of £895 16«. for 2 yean at ^ per oent. 

40. What win be the expense of boarding the floor of a room, at 
2$. lid. per square yard, the length of the room being 21 ft, 10 in. and 
tbebteadthl8ft.4in.t 

41. What is the expense of a diagonal drain in a field 100 yds. long, 
and 80 yds. broad, at 1«. 8<2. per yd. 

42. At what rate per oent. will £625 amount to £765 12f. 6d. in 
5 years, simple interest! 

48. What fraction of 8 half-crowns is ^», ; and what decimal of £1 
is f of 2 guineas! 

44. A person earns £175 a year, and pays an income-tax of 14ci. in 
the £ ; what is his net income! 

45. if 4 acres of land will maintain 6 horses for 8 weeks, for bow 
long will 10 acres maintain 12 horses! 

46. K 3 lbs. of tea be worth 8 lbs. of coffee, and 8 lbs. of coffee be 
worth 10 lbs. of sugar, how many lbs. of sugar can be got for 15 lbs. of tea! 

47. If I lose Hd. in 8«. id, how much is that per cent. ! 

48. Find the trae and ordinary discount of £85 for 16 months at 5 per 
oent. 

49. If 14 horses eat 56 bushels of oats in 16 days, how many day^ 
consumption would there be in 120 bushels for 20 horses! 

50. A person, who was owner of ^ of a copper mine, sold -f of his 
share for £1800; what was the value of the whole mine! 

61. Atrwhat rate per cent, will £956 amount to £1814 1()«. in 7} 
years, simple interest ! 

52. If I OS. ( Ayoirdup<ns) ci an article cost { of a shillings what will 
fib. of the same cost! 

58. If 850 men are beneged in a fortress, and haye provisions only 
for 8 months, ho^ many men must leave the fortress, so that the rest 
may have provimons for 5 months! 

■ 54. A gentleiftsn bequeaths £12,000 to his three sons A, B, and C: 
to ii a sum unknown, to B twice as much as to ^, and to C7 as much as 
tOiiandtoJ?. What had each son! 
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55. If 8 camioii Sn 1 dajcspend 48 bamb of powder^ in bow many 
dftjrs will 24 oMinon expend 8168 banrebt 

56. If the CMTiage of 5 owt. 8 qn. ior 150 nules oort £8 9t., what 
mutt be pud for the oairiage of 7 owt. 2 qn. 25 lbs. for 64 miles at the 
same ratet 

57. In what time will £547 159. amount to £629 18«. 8(1. at 5 per 
cent, per annum t 

58. What prindpal put out to simple interest £or 5 years will amonnt 
to £570 16«. 6(2. at 4 per cent, per annum t 

59. Find the true disoonnt and pr ese n t worth of £187 5t. 6(2. due 
at the end of 8 yis. at 4^ per eent. 

60. Find the smallest number that can be dinded by ^ 12, l^ 24, 27, 
with(mt leaving any renuunders. 

61. What is the least number wbieh taken from 887564 teftves a 
remainder divisible by 70 ; and what is the least number whioh added to 
387564 gives a sum divisible by 65 1 

62. Simplify the foUowing expressions : 

87i-l of 15 ; and {87i~l) of 15. 

68. In 40 guineas how many sevenths of £1, and how many 
fifteenths of 1 shillingt 

64. What fraction added to the sum of 1), f of 1{, and 71, will 
amount to 17|! 

65. State what is necessary in comparing the magnitude of cUififeient 

fi»otio«i;«dlM«oefi«dtheo«mi»rati«,«l»eofg. g. |, g. 
W* Arrange in order of magnitude, beginning with the lowest^ the 

fractions I, t» fjfTs* 

67. Shewthatthenrnplefrnetion which erpresses the value of 1 of 

4- of r^ +t of t is equal to f of f of f of 30}. 

51 
68b What fraction haviug 12 for its den' is equal to ^ t 

69. Shew, without assuming any EuHe, that tbe area of the rectangle 
whose adjacent sides are 5} ft. and 8} ft. =19^ sq. ft. 

70. Shew by a diagram that 801 sq. yds. si sq. pde. 

71. Shewalsobydiagramsthat(lft.)'8:l sq.ft., andthatlft.xl 

72. Shew by a diagram that there ave 640 aorss in a square mils. 
78. From a squan containing 1 acre there are subtracted 16 net* 

angular plots^ eadi 25*2 yds. long, and 10*5 yds. broad; how mudilslBftf 
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74. ABBmnxng thftt (tjs— »J9) x (>/5 + »Js) = 5—8, a&d rimilarly of 
any other pain of nnmbera, find the value to three pbMses of dedmala of 

the qnaiitities —7= =•, —t= — , and -^ — ^^ • 

75. I pay away -I of my money, and •} of the remainder ; then \ of 
what remains, and lastly, ^of theoziginalsnm; what were the fractional 
parte remaining after the 8rd and the last payments ! 

76. DiTide £1500 in the ratio of 7, 10, and 18. 

77. If 85 hoshels txf oats are eaten in 17 days by 15 horses, how 
many days will 115| bnshels last 102 horses! 

78. How many cnbes, whose edges are 15 inches, oonld be fiUed 
from a fnU cistern H ft long, 8)^ ft wide, and 2f ft. deep! 

79. A and j9 do a piece of woric in 7 days, which A alone could 
aocompHsh in 85^ days ; in what time would ^ do it 1^ himself t 

80. What must be the poundage so that a person whose rent is 
£180 shall pay a rate of £8 2«. (kl. t 

81. What is the superficies of a cube whose edge is 8} inches t 
62. I'ind the Toltmie of the same cube. 

88. WhatnumbermulUpUedby|oflof7iwillgiYeasaresult8Hf 
84. The product of two numbers is 40, and the square of the less 
is 1296; required the numbers. 

85* What would 5f. lOd. per day come to in a year I 

86. What is the price of 4108 articles at 2t. IIH ! 

87. Find the cost of 1003 articles at 19«. llfl. t 

88. At what rate per cent will £165 gain £22 5*. 6({. in 8 years? 

89. In what time will £55 12s. fid, amount to £65 12#. 9<2. at8 per 
cent, per annum t 

90. Bequired the rate per cent, at which £250 will amount to 
£267 3s. 9d. in 2^ years. Simple Interest. 

91. What is the simple interest of £265 lOi. for 5 years 15 weeks, 
at 3 per cent, reckoning 52 weeks a year? 

92. If linen be bought at Is. 5d, a Flemish ell, and sold at 2i. id. 
a yard, what is the gain per cent? 

98. A house was bought lor £550, and sold Ibr £570; what was the 
gain per cent! 

94 A graaier bought 8 «aLeii tor £97» in addition to which they 
cost him in keep 7i p«r cent of this money. He sella half of them for 
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£15 10«. eadi; ai what price each mtist he sell the rest/ to gam 15 -per 
cent, on his entire outlay! 

95. If If. gain 2\d, what is the gain per cent, t - 

96. Find the yalue of 8888 articles at £1 (fa. Sd, 

97. What is the worth of 8303 articles at £1 19«. 7^. f " 

98. Find the discount of £415, due 9 months hence, at 5 per cent. 
Simple Interest! 

99. What is the present worth of £1281 Ss., due 6 months hence, 
at 5 per cent, per annum ! 

100. What sum will amount to £306 5t. in 9 years, at 2^ per cent. 
Simple Interest! - 

101. Find the value of 5555 articles at U. 6^. 

102. A man in walking takes '88 yds. each step, and is 5 hrs. 2i min. 
in going a journey of 12*15 miles ; required the immher of times he steps 
in a minute. 

103. If an ounce of tea cost *175 of Is, Sd., how much can he bought 
for 8 guineasf 

104. From *725 crowns take 2'25 shillings, and reduce the remainder 
to the decimal of half-a-crown. 

105. What fraction of an EngHsh ell is | of an inch ? 

106. From 22| take 1 1| ; and multiply the remainder hy 5 times 7^- 

107. If 2 cwt. of coal cost 1«. Hid., what will 12f tons cost! 

108. A person in going a journey of 40*3 miles perfoms the first 
14 miles in 1*7 hours; at what rate must he go the other part, so as to 
complete the whole journey in 4*2 hours! 

109. Which is the greatest, and which the least of the iblJowing 
fractions, }, ^ i, I, A' 

110. FindtheTalueQfl6i+2Jt+22^+174+3t. 

111. Divide the difference between 1| of 5) and If of 6) hy the 
product of i and 9. . 

112. What fraction of a French ell is J of an English ellt 
118. Divide 15} equally amongst 9 persons. 

114. Beduce H ^ * complex fraction whose denominator Is 89}. 

115. How many twelfths are there in 29^! 

116. The income-tax is 15<{. in the pound; what is that per cent? 

117. By selling coats at 199. ^Zd, cauih, 5 per cent, is loetf what 
should they be sold at, so as to gain 10 per cent.! 
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116. If ribbon be boagbt for 2}cl. per yud, end sold et 5-}(f., what 
is the gain per ceat.l 

119. If a ship be bought for £7881 B$. and sold for £8797 lOs,, what 
was the galh per cent.? 

120. What is the valae of £3750 stocks in the 8 per cents., at 

8741 

121. How much money must be invested In the 4) per cents, at 
.99{j so as to yield an annual income of £360! 

122. What amount of 8i per cent. Stock would yield £81 5s» per 
annum f 

123. Find what decimal multiplied by 72 will express the sum of 
h A* Md 4J. 

m. Find the value of 4107 articles at £9 9«. 9d, 

125. What is the exact discount on £5 128» 9(2,, due 12 months 
hence, at 2^ per cent. I 

126. What is the difference between the interest and discount on 
£75 18«. 9d. for 8 months at 5 per cent. ? 

127* What is the gain per cent, by buying eggs at 15 for a shilling, 
and seOing them at a penny eacht 

128. What should an article which cost 8«. id. be sold for, so as to 
gain 15i per cent. 1 

129. Find the cost of 4107 articles at £1 0«. U^d, each. 

180. A cow was bought for £10 15«. and sold at a loss of 7| per 
cent. ; what did she fetch! 

131. If 1«. gain l^d, what is the gain per cent! 

132. A court-yard is 30 ft. 10 in. long, and 12 ft. 11 in. broad; what 
will the paving come to at 16(2. per sq. ft. ! 

133. Of what amount must I take fj to produce a guinea ! 

134. In 1851 the population of a town was 400,000; supposing at 
every decennial census it be found to have increased 20 per cent, on the 
preceding one, what will be the population in the year 1901 ! 

135. A man builds 12 cottages at a cost of £925, and lets them at 
£5 lOs. per annum. One on an average is always vacant; and of the 
rents that are due he loses 7? per cent. If the yearly repairs cost f per 
cent, of the outlay, what rate of interest does he obtain for his money ! 

136. What is the commission on £4695 at 5«. 9(2. per cent. ! 

137. What is the amount of '0125 per cent, of a population of a 
million! 

C. A. 10 
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138. ^ The dttiy <m aalaf bj Motion wai onoe 5 per oent on the 
parohase-money, and an additional 5 per cent, on tius dn^; what waa 
the total coflt of an artide knocked down at £51 1 

139. If 5f. Zd, gain 2f. Hd,, what is the gain per oent.Y 

140. Find the ooet of npuzing 7 m. 7 for. 85 p. of a road, at 
£8 17«. 4^. per mile. 

141. Ofwhatfjcaetiommistliakef toreoeftveflt 

142. A banker receiTes in deposits £1 6250 a yearj for winch he pays 
8| per cent, yeaily, and he lets it out at 5 per cent, payable half-yearly ; 
what will be his annual profit! 

148. The prioe of '0625 lbs. of ooffee being *458ft shillings^ what ia 
the cost of '075 of a ton ! 

144. How many bricks will be required for a wall 25 yds. long, 
15 ft. highf and, 1 ft. 10| in. thicks each bxick bmng '9 in. long, 4) in. 
wide, and 8 in. thick t 

145* If the papering of a room 28 yds, round and 4 yds. hig^ cost 
£5 10«.y what will be the cost of similarly papering another room^ 24 yds. 
round and 8} yds. high! 

146. Find the equated time of payment of a debt» of which i is due 
in 4 months, ^ in 7 months, and the rest in 8 months. 

147. Find the side of a square area^ the paying of which at 4j. 2d. 
per sq. yd. cost £5Q Of. lOd, 

148. What must be paid for painting the outside of a box 5| ft. long, 
8$ ft. wide, and 2$ ft. deep, at Is. 8(2. per sq. yard! 

149. Extract the cube roots of 59819, and i^^h* 

150. A square field contains 15 a. 2 r. 20 p. ; find its side in chuns. 
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MISCELLANEOUS EXAMPLES. 

1. Whav will be the net yahie of a legacy of £888 6». Bd,, after 
paying dnty afc the rate of 8 per cent, t 

2. Two docks point to 2 at the same instant; one loses 7 seconds, 
snd the other gains 8 seconds in 24 honn ; when will one be half an hour 
before the other, and what time will each clock then shew! 

8. A bankrupt owes 8 creditors £10,000, 10,000 guineas, and 
10,000 shillings respeotirely; bat his property is worth only £7000: find 
how much in the pound he will pay, and how muoh each creditor will 
receivet 

4. If 100 artides are bought at 8 a penny, and 100 more at 2 a 
pemiy ; at what price must they be retailed so as to gain 25 per cent.? 

5. A vessel containing 884 gallons is emptied by 8 taps; the first 
and second together empty it in 82 minutes ; the first and third in 24 
minutes; and the second and third in 10 minutes; how many gallons will 
each tap dischaige in a minute f 

6. Howmany square feet of board win be required to knake a rect* 
angular box, of which the length, breadth^ and depth are 8) ft., 2jt fb.| 
and 1 ft. 2^ in. respectiyelyf 

7. If a room be 82 fK long, 26 fb. wide, and 14 ft. high, what wiH 
be the expense of papering it at 8«. per square yard, allowance being 
made for three windows, each 10 ft. by 6^ ft., and two fire-places, each 
9Jffc. by6ft.t 

8. What sum of money must be paid down, in order to reo^ye 
£860 lOf., 2 yrs. hence, aJlowing 8} per cent. Compound Interest! 

9. Find the simple fraction which expresses the yaloe of 7+ tj^, 

when divided by 6} tunes (8+ 1^), 

10. How many cubes, whose edges are f in. long, can be contained 
in a box, of which the base is 18 sq. inches, and height 7) inches! 

11. The volumes of spheres are in proportion to the cubes of their 
radii : the radii of two spheres are in the ratio of 4 to 5 ; and the wttghts 
of equal portions of the smaller and larger spheres are as 12 : 7; given 
that the weight of the smaller sphere is 256 lbs., find the weight of the 
larger one, 

12. At what time between ono and two o'clock will the hour and 
minute hands of a watch make an angle of 60 degrees with each other ! 

10—2 
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18. If » pound Troy of English standard gold f^ fine be worth 
£46 128, 6d., what is the value of a coin weighing 7 dwts. 11 gis., in 
which 924 parts in 1000 are pure gold? 

14. The wheels of a cart are 2^ yards asunder, and the inner wheel 
describes the circumference of a circle of radius 20 yds. :' find the differ- 
ence of the paths of the wheels, having it given that the circumference 
of a circles 8*1416 times its diameter. 

15. Two men are walking in tiie same direction, the distance between 
them at starting being 100 yds. ; the first walks 45, and the second 
49 yds. in 50 steps ; how many steps will have been taken when they are 
together t 

16. How much paper, | yd. wide, will be sufficient to paper a room 
22 feet 5 inches long, 12 feet 1 inch broad, and 11 feet 3 inches high! 
and how much will it cost at 4^. per yard? 

17. A river 80 feet deep, and 200 yds. wide, is flowing at the rate 
of 4 miles an hour ; find how many cubic feet of water run into the sea 
pte> minute; also the number of tons^ supposing a cubic foot of water to 
weigh 1000 ounces. 

18. A dock gains 8^ minutes per day ; how should its hands be 
placed at noon, that it may point out the true time at 7^ in the evening ? 

19. A person performs f ths of a piece of work in 13 days; he then 
receives the assistance of another person, and the two together finish it 
i^ 6 days; iu what tune could each do the whole work by himself? 

20. A tradesman buys goods for £189 15«. 6d., and sells them in 
6 months for £253 Os, Sd, ready money : how much is that per cent, per 
annum profit? 

21. If the value of £1 sterling varies from 25*15 franca to 26*75 
firancs, what is the variation in value of 100 guineas? 

22. A person receives his rent, and after paying an income-tax of 7d, 
in the pound has £558 78» 6d, left ; what did he receive ? 

23. - A field of 7? acres is planted with potatoes in rows ; the distance 
between each row is 15 inches ; how many yards of potatoes are there 
in the field?* 

24. Three masons. A, JB, C, ore to build a wall; A and B could 
together build it in 12 days, B and C in 20, and A and (7 in 15; in what 
time will they build it when they all work together? 

25. If 8 miles, 4 furlongs, 98 yards be run in 6 minutes 4 aooonds^ 
how much is that short of the rate of a mile per minute? 

26. Multiply ?| by ^, and divide x^ by ,^81. 
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27. Hie oompanbtiTe weighia of ooal and water an aa 1*12 and 1 ; 
abo a cnbio foot of water weighs 1000 oa. ; find the edge of a onbical 
block of coal which weigha 2000 tons. 

28. The disoonnt on £500 dae 4 yean hence ia 250 marks; find the 
rate of interest. 

29. Shew what factor is wanting in the nnmber 32 to make it a per- 
fect cnbe. 

30. Beqnired the least nomber which multiplied by 64 will make it 
a perfect 5th power. 

31. A sets out from Cambridge to London (51^ miles) at the rate of 
8 miles an hour, and B sets out at the same time from London to Cam- 
bridge at the rate of 9^ miles an hour; at what distance from each place 
will they meett 

32. A tradesman marks his goods with two prices ; one for ready 
money, and the other for credit of 6 months: what fixed proportion ought 
the two prices to bear to each other, allowing 5 per cent. Simple Interest t 

83. What must be the least multiplier of the number 225^ so that 
the product may be a perfect cube! 

34. If the ratio of the diameter of a circle to its circumference be 
113 : 355 ; and if the length of -^th part of the earth's circumference be 
69^ miles, what is the earth's diameter t 

35. How much per cent, is 14#. 6d, of £3 10«. 1 

3d. A and B together can do a piece of work in 30 days ; B by 
himself can perform the same in 70 days : in what time could A ^nish it 
by himself; and how much more of the work does A do than B^ 

37. The sun's longitude is increased by 860 degrees in 865 d. 5 h. 48m. : 
what is his average daily motion! 

38. Simplify the following expression, leaving one surd in the numer- 
ator of the resulting fraction : — 

39. A and B can do a piece of work .together in 30 days; A does 
i more than B ; in what time can they do it separately! 

40. Find the square root of the sum of the squares of % '4, *6, '86. 

41. If an acre of land be bought for 6(2, per foot, at what price per 
yard must it be sold to gain £136 2«. 6(2.! 

42. From a rectangular plank 1 foot broad and 2 Inches thick, what 
length must be cut off to be worth 26$,, the value of the tvnber being 5«. 
per (mbio foot! 
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49* Simplii^ the following ezpvaBBions:->^ ^ 

44. find the valne of 8-r ^/io to four places of dedmals. 

45. If the Yolume of a cylinder be obtained from this product, 
height X area of the base ; find the area of thd base of a cylinder whereof 
the 7olume is 1 cubic foot^ and the height 7i inches. 

46. Compare the volumes of two cylinders whose bases are In the 
ratio of 8 : 4, and altitudes as 5 : 6. 

47. A person rents a piece of land for £120 a year. He lays out 
£625 in buying 50 bullocks. At the end of the year he sells them^ having 
expended £12 10«. in labour. How much per head must he gain by 
them^ in order to realize his rent and expenses^ and 10 per cent, on his 
original outlay! 

48. A cubical box contains 87 solid feet and 64 solid inches : find (1) 
the number of linear inches in the edge ; (2) in the diagonal of each face; 
and (3) in the diagonal of the box. — (See Ajppendix, Note to Art, Matio.) 

49« A person finds that his net income, after deducting the income* 
tax of 7d, in the pound, is £283 ; find the amount of income. 

50. A pile of cannon shot has a rectangular base, the sides of which 
contain 7 and 6 shot respectively; find the number of shot in the whole 
pile. 

51. What is the unit of measurement when a mile is 160 units? 
Determine that common unit which will express 12960 minutes and 20160 
minutes in the smallest possible integral numbers. 

52. The areas of circles are proportional to the squares of thdr radii ; 
find the ratio of the areas of two circles which have 2 fbet and ^ an inch 
as the values of their respective radii. 

58. Find the ratio of the diameters of two circles, such that the area 
of one may<==5|^ times that of the other. 

54. Two cubical boxes have edges respectively f inch, and 2 ft. 8 in. ; 
find the ratio (1) of their surfaces, and (2) of their volumes. 

55. A dock has its face marked so as to shew 24 hours in a day ; 
and on a certain evening half an hour after sunset it was set at 24 o'dodc. 
ThA morning following it was 8 min. past 4 by a common dock when it 
was 4 minutee past 8 by this dook. Find the thne of sunset tho previoas 
evening. 
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56. Givea tbafe the ntlo of the obeamftrenoe of a iBirale to tbe 
diameters 3*1419 : 1 ; also that the length of an are of a circle oppodte 
to any ang^ at the centre is proportional to the degrees, &c. in that 
angle : find the length of the radins of that drde, in which an arc of 4000 
miles is opposite to an angle oontaining 8*58 seoonds. 

67* The space through which a body &IIs in yacuo near the surflMe 
of the earth is proportional to the square of the namber of seconds in the 
time of fallixig : if a body fall through 16*1 feet in the first second, find 
how far it wiU fall in 8 seconds, and in the ninth. 

58. The time of oscillation of the pendulum of a docks 8*1416 

*2 

- seconds, where 89*2 inches is the length] of the seconds 

pendulum ; find the alteration in the tune of oscillation when the pen- 
dulum is lengthened -^ of an inch, find also how many seconds the 
clod^ will gain or lose in 24 hours. 

59. Taking the same yalue as in the last question for the time of 
oscillation, where 82*2 is the measure of the force of the earth's attraction, 
find the alteration of that measure, if the length of the pendulum be 
increased by rAnrth part, and the time of oscillation be the same. 

60. The difference between the year in the Julian calendar and the 
true year is *007736 days; the Gregorian calendar corrects by omitting 
3 days in 400 years : find how much error would have accumulated under 
that calendar, from A.P. 325 to A.P. 1848, and how soon the error will 
amount to a day. 

61. In a block of wood, a hole is made 12 in. long and 1 sq. inch in ' 
section : the largest possible cylinder is placed in the hole; how much is 
unoccupied T — (See guettion 45.) 

62. A cubical box, 1 inch high, is fiUed with water ; 8 equal spheres 
of i in. diam. are placed in it; what Yokmie of water will remain, — 
having it given that the volume of a spheres^ x 3*1416 X the cube of the 
radius. 

63. WiU ^^ produoe a circulating decimal t 

64. A cube has an edge 2 ft. 6 in. long ; find the ratio between the 
sum of the areas of the semicircles described on its edges, and the whole 
Bur&oe of tbe cube, having it given that the area of a circle s3*l'416 X the 
square of the radius. 

65. A wall is 15 ft. 8 in. long, and 11 ft. 6 in. broad, and has in it 
a door-way 6 ft. 8 in. by 2 ft. 4 in. ; find the number of bricks of 165^ 
solid inches contained in it, when the thickness is 11 inches. 
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66. If ft soTereign weigh 5 dwto. Zi gn,, 1 part oat of 12 hting 
copper, and the rest pure gold ; find what fractioii of ft cnluc ineh the 
gold oonstitutes, having given that a cabio inch of water weighs 252*458 
grains, and that gold is 19'862 times as heavy as water. 

67* Bedttoe the following Arithmetical expression to its simplest 
form: 

1(S + 2i)-(2t-l{)( X m+7i)-i-19^). 

68. A cistern has 8 pipes. A, B, and 0; A and B can fill it in 8 and 
4 hours respectively; and C can empty it in 1 hour; if these pipes be 
opened in order at 1, 2, and 8 o^dock, find when the dstem vrill be empty. 

69. A person sells out of the 8^ per cents at 98} as much stock as 
produces £9350 ; at what price must the 4 per cents be, so that the above 
sum when invested in them shall produce an increase of £10 incomet 

70. If } of a sheep be worth £|, and f of a sheep be worth ^ of an 
ox, what sum must be given for 50 oxent 

71. A garden walk, 4 ft. wide, is carried round a circular plot 8 yds. 
in diameter ; find the price of gravelling the walk per foot, if the whole 
cost be 6s, 
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BOOK-KEEPING. 



Tbs object of Book-keeping is to enable ft merobant to asoertam 

(1) How be Btands with respect to all the penona with whom be 
bag any money dealinge. 

(2) The money yalae of all that be pcgooBiioo, and all that be 
oweBy which are technically called his Auek and LiabilUiei, 

^ If the Assets exceed the LiabilitieSi be is said to be «oJt«n<; 
otherwise be is termed imoheni, 
(8) To ascertain bow, if be is insolyent, be has come to be so ; 
and if not^ in what manner bis profits baye been realized, so 
as to render him solyenti after all trade and domestic expenses 
baye been paid. 
This third account is termed the Profit and Loss aoconnt. 
To ascertain (1), the merchant must haye accounts open under the 
name q£ eyery p&rstm with whom he deals ; and these are called peraonai 
accounts : and if be keeps bis accounts only in this simple form, be cap, 
by merely balancing these personal accounts, and taking an inyentoiy 
of stock and cash, tell at any giyen time how he stands. And this 
system oi Book-keeping is termed Single Entry. 

But this will not tell him bow be came into bis present position; or 
shew upon what goods he has made or lost money. But if be produces 
(2), Le. accounts of things bought or sold, paid or recdyed, in addition 
to the accounts of penons, then be is enabled to tell bow he stands with 
reference either to bis original capital, both in goods and money, or to 
the state of that capital at any giyen tune. 

These accounts, being beaded by the names of things and not of per- 
sons, are called Nominal Accounts* d^d it is the keeping of these, 
in addition to the Personal Accounts, which constitutes Double Entiy. 

l%e books required for book-keeping are (1) an Inyoice-book; (2) a 
Day-bods, or Waste-book; (3) a Cash-book; (4) a Ledger; (5) a Bill- 
book. This last is seldom used where the transactions are small. A 
memorandum of any transaction reoorded in any one of these books is 
termed an Entry. A specimen of each of the aboye books will be 
giyen. 

By Single Entiy, eyery transaction comes direct fiom the book^ 

10—5 
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» 
already mentioned into ihe Ledger; in each book the page of the Ledger 

is marked where the entry may be found, and in the Ledger the page 

or folio is also marked of the book from which it is brought. But in 

Double Entiy there is generally used an additional book called the 

Journal, which is an intermediate book between those mentioned and 

the Ledger, so that nothing passes into the Ledger except through this 

book. 

The transferring of the entries from these various books into the 
Ledger is termed poeHng* 

Before proceeding to give specimens of these books, it will be 
advisable to caQ attention to a few preUminaty principles, as to the 
mode of keeping accounts. 

AU books are arranged with two sides, a dehtor to the trf^ and a 
creditor to the rigJU, These are briefly written Dr. and Cr. 

Under any personal or nominal aocount, whatever is paid away, or 
parted ^th, by the person or name heading the account^ is put to the 
Cr. side. And whatever has been received by the same^ and which 
must therefore be accounted for, is Dr. Li &ct, we may say briefly, 
whatever is in, is Cr. ; whatever is ofd, is Dr. When any item is thus 
put to the eredU side of an account^ the entry is preceded by the word 
"By." And when it is put to the debtor side of a& acooun^ it is 
preceded by the word " To." 

Hence, if an article, as tea, is sold to a person on credit, there is an 
entry under his pwsonal account, " Dr. To Tea ; ** and when he pays for it 
in cash, or bill (of which more will be said presently), there is an entry 
under the sUme aocount to his credit, <'Cr. By Cash," or *'By Bill;" 
and the two sides of the account balance. 

But . when the above goods, as tea, were sold to him, while he was 
the receiver, the article or articles delivered were payers of the goods; 
and under the nominal account of " Tea," there would be an entry *<Cr. 
By Tea to A. B.*' And when this is paid, the nominal account headed 
<' Cash" would have put under it the entry "Dr. To Cash from A. B." 
So that we have this arrangement ; a Dr. entry to a personal aoooont is 
balanced by a Cr. entry to a nominal account for goods: and a Cr. entry 
to a personal aocount for cash received is baknoed by a Dr. entry to the 
nominal amount headed Cadh. 

Again, let the Arm be buyo^ of tea fr<»n any merdiant, then while 
under his personal account there is an eoixy «0. By Tea," there wiU 
be a oorrespcmding Dr. entry under the nominal account headed ''Tea." 
And when the tea is paid for by the firm, the merchant will be Cr. by 
the amount, imd cash wiU be the Dr., since cash has received it. 
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Hence it is evident thftt if the potting be ooneol^ all the entries on 
the Dr. side in the Ledger muft eiAotly balance all the entries on the 
Or. side. And this comparison of the totals of the two sets of Dr. and 
Cr. entries, for Hbe purpose of iesting the accoraoy of the posting, is 
called a "Trial Balttnoe," and is simply a trial, as to whether the entries 
have been ooirectly posted from the Joanuti, or the Day-book if jonrnal- 
isedy into the Ledger, 

All the aboye-mentioned Nominal aocoonts might have been classed 
nnder one head, viz, that of the firm, who manifestly are Drs. or Crs., 
according as each of their customers is Or. or Dr. ; and so a balance 
might be stmck as before. Bat by the above classification, or division 
into several nominal accounts, each embracing but one class of goods, 
we are enabled to ascertain, not only wftaf profits have been realised, 
bat how they have been realised. 

We will now describe the nature and use of 



BILLS OP EXOHANGR 

A BUI is a promise to pay, usually at some bank in London, a certain 
sum mentioned on the bill, at the end of a time agreed upon, say 2, 3, 
or 6 months, and is drawn up on stamped paper in the following fbrm. 

• -• Q LiVBapooL, Oct, 27, 1860. 
£56, 15s, Od. I, ^ . ^ 

Three months afte||,^e Ay to my order the sum of Fifty-six 
Pounds Fifteen Shillings foRTunegMiClved. 

l6 H A. R 

To C. D. & Co. I •« 
Chesterfield. "^ ^ 

Here C. D. owes the money to A. B. and by writing across the bill 
his name and that of the banker at whose bank it is made payable, he 
is said to <i€cept the bill, and thus become responsible for its payment. 
A. B. is called the drawer, and C. D. the acceptor, A. B. who receives 
this bill writes his name on the back of it, if he parts with it, thereby 
making himself responsible to the person to whopi he pays the bill, and 
he is then called the ihdorser; the person to whom he pays it^ if his 
name is specially mentioned on the back of the bill, is called the first 
indonee, and if he pays it to a third party, he must indone it, i.e. write 
hit name on the back also, and thus render himself responsible for the 
paymei^t, if C. D. and A. B. fiul to pay, or, as it is commonly termed, 
to meet it. 
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In any general statement of the boanese at C. t>., eommonly called 
a Balance Sheet, of which more will be said herea;9)er, all such bills 
which were accepted by O. D. and still nnpaid or nmning^ would be 
entered on the dkftor side as ''Bills payable." If in the course of bis 
business he had recdyed bills accepted by other parties, these would 
(subject to discount) be considered as cash, proyided the acceptors were 
considered able to meet them: and they would be entered to his credit 
as "Bills receiyable.*' 

But such bills might also appear on the debtor side of his Balance 
Sheet, because he might have had some passing through his hands, 
accepted by parties that had nnce failed; and since he has indorsed 
them, he would be wholly, or in part, liable to be called upon for them. 
Hence in his Balance Sheet bills receiyable in hand would be on his Cr. 
side, and bills receivable parted with, and not yet at maturity, would 
be on the Dr. side, so far as the acceptors are unable to meet them. 



THE INVOICE-BOOK 

This is used merely to record the invoices of all goods ordered into 
stock. 

S^^eciffien. 

Chesterfield, Ocklber 27, 1860. 
A. B. 

Bought of C. D. and Co. 

4 Chests of Tea» eaob 561b8. at 8«. 4d . . . 87 6 8 
8 cwt. 8 qiB. of Sugar, at 56«. per cwt. . . • 10 10 

47 16 8 



The above Invoice-book belongs to A. B., who is the buyer of the 
goods. 

The more usual plan of keeping the Invoice-book is by pasting all 
Invoices received, in a book prepared for the puipose, according to thdr 
dates. 

THE DAY-BOOK. 

A Day-book, in its most limited sense, is one in which the transac- 
tions of each day are recorded. But sometimes it is made to contain a 
record of all the transactions of each day, whether of sales or pumbanon; 
bills accepted, or bills taken in payment; cash received or paid. And 
these various items from it have to be transferred to the Journal, the 
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Bill-book, the Ledger, and Cash-book respeotiYely. If no JonrnaL is kept, 
the Day-book may be made a record of all trazisaotions both Dr. and 
Gr. tnat oocar in the business, and it may be then said to be '' jonnul- 
iasd.' 

Sometimes this book is oalled a Waste-book, espeoiany when it 
embraces transactions as enumerated above. But if kept merely as an 
ordinary Day-book, it gives accounts only of sales and present payment. 
And in a very simple business, where but few articles are dealt in, if the 
amount of these sales be carried forward into a separate column at the 
end of each dafj, and then at the end of each month aod year, the re- 
sults for each year may be entered in a spare page of the Ledger, and 
thus give a view of the progress of the business. 

F.L. stands for '* Folio in Ledger," C.B. for <* Folio in Cash-Book." 







DAY-BOOK. 








F. 




0. 
B. 


Bon^t 


Sold. 


Mlaoella- 
neous. 


Total. 


8 

12 

13 


JanoBry 1, 186L 
Bought of PhlUlps and Oo. 
10 Obeata of Tea (L050 lU) at 1/8 
8 pieoeaof Linen (128 yda. ) at 88/6 


8710 
13 8 








100 18 


1 


Lodged in Joint Stock Bank 










500 


500 


2 
10 
13 


S 

SoldJ. BmithandOo. 
4 Balea of Cotton at £26 per 
7 Piecai Of Linen at 8^6 per 






100 
12 


00 
86 




100 
12 8 6 


8 


4 
Bonght of T. Martin 
Shopattings 










4510 


4510 


2 


8 
BeoeiTed firom J. Smith ft Co. In 
payment of their acci; Cash 
Bill at Smo. (4 Jan.-7 Mar.) 

xro.1. 










40 00 

« 

72 86 


112 8 6 


4 


10 
Bought of B.WilM»i 
GaafittbigB 








- 


1715 


17150 


1 

5 

10 

11 


16 
Bought of Wm. Hinds 
10 Bales of Cotton at £20 per 
6 Hhds. of Port Wine at £16/6 p. 

Oanied forward 


-=- 


200 
81 5 








281 5 




882 30 


112 


86 


675 18 6 


1170 5 
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DAY-BOOK. 



p. 

L. 



8 



6 
11 
6 



1 

5 

6 

1 

1 

10 

12 

4 



8 



Amount brought forward 

January 16 

Accepted T. Martini Bill on me. 

No. 1, atSmo. (10 Ju.-l»Mar.) 

18 

SoldAtUnaandCo. 
4 Hlids. of Fort Wine at £17 AO p. 

Received from Atkinsft Co. No.2. 
Their Acceptance at 1 mo. 
(Jan.U-UFeb.) 

28 
Lodged in Joint Stodc Bank 

FebmaiyS 
Accepted Wm. Hindi' Bill on me 
at 1 mo. (Jan. 24—27 Feb. ) No. 3 

14 

Received payment of Bill, No.2. 
Accepted by Atkins and Co. 

sa 

Paid Bin, No. 2. 
Accepted to Wm. Hinds 

Drawn from Johit Stock Bank 

March 1 
Sold Bobert Topham 
6 Bales of Cotton at £25 
8 Chests of Tea (840 lbs.) at ^0 

Paid B. Wilson 
for Gas fittings, &c. 

7 

Received payment of Bill, No. 1. 
Accepted by J. Smith and Ca 

18 
Paid BiU No. L 
Accepted to J. MartiQ 



Drawn from Joint Stock Bank 



Carried fbrwnd 



C. 
B. 



Bought 



882 8 



Sold. 



112 Se 



70 



150 
84 



MisceUar 
neous. 



382 8 



416 Q6 



675 18 6 



4510 



70 00 



40 



200 



70 



200 
200 



1716 



72 8 6 



4510 



175 



1811170 



TotaL 



1170 5 



4510 



70 



70 



40 



200 



70 00 



200 
200 



284 6 

1716 



72 86 



45100 



175 00 



2610 se 
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The Specimen of a Day-book represeats wliat we liave oalled a 
joamalized arrangemeQt^ because under the head "Sold" ia exhibited at 
one Tiew the total amount of bnsinest done; and thia can be carried 
forward, as described in the last paragraph. Of course the total amount 
of the first three columns is the same aa that of the fourth, headed ''Total," 



THE CASH-BOOK. 

The Cash-book contains simply the amounts receiyed and paid every 
day. It must therefore according to p. 226 have two sides, a Mtor side, 
on which are entered all the sums received, and for which therefore the 
cash must be considered responsible, Le. a ddttor: and a creditor side, 
on which are entered all the sums paid, and for which therefore the 
cash must be considered a creditor. 

For a specimen of the Cash-book we refer to that portion of the 
Ledger headed Cash. Fo. 15, which wiM be found to contain all the 
entries from the Day-book inyolTing cash or bills, both paid and received. 
All these payments or receipts have been entered in the Ledger under 
the names of the parties in connexion with whose transactions they have 
occurred ; but they will be on the reverse sides of the Ledger, because for 
every sum paid or received by a customer there will have been a cor- 
responding sum received or paid by the Cash-book, or, which is the same 
thing, by the Cash account in the Ledger. 

There may appear also a third and different kind of entry ; as, when 
'a merchant has drawn a cheque on his own banker, and paid away either 
a part or the whole of the money. If he has paid the whole, there will 
be two equal entries on opposite sides ; but if he has paid only part of it, 
there will be one entry on the Dr. side, of the whole cheque drawn ; and 
one smaller entiy on the Cr. side, leaving a corresponding balance in 
hand at the end of the day's transactions. 

When a bill comes back dishonoured, and the drawer has to pay it 
by a cheque on his banker, he must enter the amount on both sides of 
Mb Cash-book as money received from his bankw, and at the same time 
as paid away through the same banker to take up the bill. If the 
acceptor afterwards pays the money, the amount should be entered on 
the Dr. side of the drawer's Cash-book; and if paid to the banker again 
it win appear on tho Cr. side, or it may remain as a balance in the 
Cash-booL 
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THE LEDGER. 

The Ledger is a book oontaining the state of the account of every 
customer, with the firm: and its entries are obtained from the Day-book 
and the Cash-book. 

Thus, all records of salea which have been entered in the Day-book 
will be transferred to the debtor side of the respective accounts in the 
Ledger because the parties have received goods ; and all entries in the 
Day-book or Gash-book of cash received or bills received in Hen of cash, 
will be entered on the creditor side, because the parties have delivered the 
same. 

It might happen occasionally that cash had been advanced to a 
debtor of the firm, to enable him to meet an acceptance or otherwise; 
then of course the item would appear on his debtor side in the Ledger. 



LEDGER, 



Dr. Joint Stock Bank Fo. 1. 


Contra Cr. 


1861 
Jan. 


1 

28 

31 


To Cash 
To do. 

To Balance brought 
down 


V. 

1 
1 


£ t.d. 

600 

40 00 


1861 
Feb. 
Mar. 


26 
29 


By Cash 
>, do. 
„ Balance 


r. 

2 
2 


£ t.d. 
20O 00 
175 




540 


165 


Mar. 




165 


640 






Dr. J. Smith & Co. Fo. 2. 


Contra Cr. 


1861 
Jan. 


2 


To Cotton 
To Linen 


1 
1 


100 
12 86 


1861 
Jan. 


2 


By Cash 

„ Bills BeoeiTable 


1 

1 


40 00 
72 86 




112 8 6 


lis 86 


Dr. J. Martin Fo. 8. 


Contra Cr. 


1861 
Jan. 


16 


To Bills payable (1) 


1 


iSlOO 


1861 
Jan. 


4 


By Shop fittings 


1 


4510 


Dr. B. T'^lson Fo. 4 


Contra Cr. 

• 


1861 
9Bb. 


28To08ali 


2 


irifio 


1861 
Jan. 


10 


• 

By Gas fitting! 


1 


17150 
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LEDGER. 



Dr. 

1861 



Wm. Hindg 



Fo. 6, 



n 



ToBII]8i»gr»ble(8) 
Balance 



»» 



?l 



£ 9,d. 

200 00 

81 60 



Contra 



Cr. 



281 60 



Dr. 



Atkins & Co. 



Fo. 6. 



1801 
Jan. 



IS 



To Port Wine 



1881 
Jan. 



Mar. 



70 



Dr. 



B. Topham 



Fo. 7. 



1881 
Mar. 



31 



To Cotton 
» Tea 

ToBalanoe 



160 
84 00 



16 97 Cotton 
„ Port Wine 

81 Bf Balance brooc^t 
down 



1 
1 



£ t.d* 

200 00 

81 60 



281 6 



81 60 



Contra 



Cr. 



1861 
Jan. 



18 



JB7BmBeceiyable(2) 



70 



Contra 



Cr. 



284 0.0 



284 00 



Dr. PhilUpe & Co. Fo. 8. 



1861 



Mar. 



81 



To Balance 



100 18 



1861 



Mar. 



81 



By Balance 



284 



Contra 



Cr. 



Dr. 



Cotton 



Fo. 10. 



1861 
Jan. 
Mar. 



16 
81 



To W.Hinds (10 B.) 
„ Profit and LoBB 



200 00 
60 00 



260 00 



Dr. 



Port Wine 



Fa 11. 



1801 
Jan. 
Mar. 



16 
81 



ToW.Hinds(6H]ids.) 
Profit and Low 



81 60 
6 00 



86 60 



1861 
Jan. 



Mar. 



81 



Bf Tea (10 Chetts) 
M Linen (8 pieoee) 

By Balance brought 
down 



87 10 
18 8 



100 18 



100 18 



Contra 



Cr. 



1801 
Jan. 
Mar. 



By Smith & Co. (4 B.) 
,, B. Topham (6 B.) 



100 
150 00 



260 



Contra 



Cr. 



1861 
Jan. 

Mar. 



18 
81 



By Atkins k Co. 

(4Hhd8.) 
„ Balance (1 Hhd. 

in band) 



70 

16 6 
86 6 
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LEDGER. 



Dr. Tea Fo. 12. 


Contra Cr. 


19a 






:^ 


£ t.d. 


1861 






V. 


£ t.d. 


Jan. 


1 


ToPhiUlpaftOo. ao 






Feb. 


28 


ByB.Topham 


2 


84 00 






Chesto) 


I 


8710 


Mar. 


8 


„ Balance (Two 






Mar. 


ia 






S 60 






Chests in band) 




8160 




93160 


92160 


Dr. Linen Fo. 13. 


Contra Cr. 


1861 










1881 










Jan. 


1 


To PhiUipa ft Co. (8 






Jan. 


2 


By Smith ft Co. 


1 


IS 86 






pieces) 88/6 


1 


18 80 


Mar. 


81 


„ Balance (1 piec& 






Uar. 


81 


,, Profit and Lou 




UO 






in hand) 




1186 




U 20 


14 2 


Dr Cash Fo. 15. 


Contra Cr. 


1861 










1861 










Jazi. 


2 


To Cash, Smith ft Oo. 


1 


40 00 


Jan. 


1 


By Gash, J. 8. Bank 


1 


600 00 


Feb. 


14 


,, Bills receivable (2) 


2 


70 




28 


„ do. 


2 


40 00 




26 


„ J. S. Bank 


2 


200 


Febw 


26 


„ Bills payable (2) 


2 


200 00 


Mar. 


7 


„ Bills receivablea) 


2 


72 8 6 


Mar. 


1 


„ B. Wilson 


a 


17 16 




29 


,, J. S. Bank 


2 


176 




18 


M Bills payable (1) 


2 


4510 




31 


To Balance 




246 16 6 






down 




808 60 




803 6 


24516 6 



To Cotton 
„ Port Wine 



»» 



tt 



Tea 
Linen 



Pbofit and Lobs. 

60 00 

6 00 

6 60 

14 



60 19 



Balance 



60190 



In Fol. 1 there is an excess of £165 on the Dr. side over the Cr.; 
this added to the Cr. side of course makes the two sides agree; and it 
should then be brought to the Dr. side> as representing the state of the 
account, or as commencing a fresh account. In FoL 5 is an example 
of the position of the balance being rcTersed. 

In the Profit and Loss account^ had there been any losses, they 
would have diminislftd the balance of £60 19t. 
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THE BILL-BOOK, 

The bills p&jrable and receivable aooonnt containB all the bill transao- 
tions. 

(1) The Bills xeoeiTable. The Dr. side, of this account contains all 
the bills received from other parties, or drawn upon them; the parties 
on whom they are drawn or from whom they are received being the 
coxresponding Grs. The Or. side of the same account contains all the 
same bills, the parties to whom they are paid being the corresponding 
Dts. 

(2) The Bills payable. The Cr.* side of this account contains all 
the bills issued by the firm, the parties drawing them being the corre- 
sponding Dm. ; tiie Br. side contains the same bills, the parties paying 
them at maturity being the corresponding Crs., generally bankers. 

But if bills payable or receivable are paid without the intervention 
of a banker, who is the corresponding Cr. ? For example, if I take a 
bill for any given sum, and at maturity present it to the acceptor, and 
reoave payment in cash, where is the proper credit entry? Not to the 
acceptor, as he has been credited once when he gave the bill ; but the 
bills receivable account must be credited, because when the acceptor was 
credited, the. bills receivable account was debited, and by the new entry 
to the Cr. side, the account is balanced. 

Similarly, if we pay any acceptance in cash, we must not credit our 
own personal account, which has aheady been credited when we gave 
the bill; but we must credit the bills payable account, which was 
debited with it when we gave the bill. 



• I here begin with Cr., whereas under ** Bills receivable "I began with Br. 
A blU zeoeivabte acoount begins with Br., a bill payable with Cr. 
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1^ 
PQ 

> 



I 

P4 



i 



o 



s 



1 



S 



eo o 



eo 



• ■ 


» ^ 


and how 

dispoied 

Dr. 


In' 
1 ^' 


1 


Mar. 7 
Feb 14. 


Amount 


72 8 6 
70 


eo 


1 


it 









6^ 



h 

M 


1 ' 


fsi »4 1 M « 



^5 



S3 



I 



I f4 M 



QQ 

PQ 





1 


o o 


d 


■9 






1 


Mar. 19 
Feb. 27 




o 


ad i 




i 5 


« « 




^ & 


p; (a 




' 


ad ad 






SSH 




i 


a 




g 


•^ ►? 










1 


h 




A ' 


A 




ti^ \ »« 1 




1 


5 




|(S 


1 ^ 




§ 


"1 




i 


^sa 




1 


^ii 




^ 


^ *■» 




g 1 M « 






o o 
o o 










h .4 1 s s II 




f trtiompaid 
Cr. 


j' 




1 A 




(^ 


When 
paid 


Mar. 18 

Feb. 20 
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TRIAL BALANCR 



31 Mar. 1861. 





F 


Joint Stock Bank . . 


F 


£ t. d, 

165 






Smith & Co. . , 














Martin • 
















Wilson . 












81 5 




Hindfl , 
Atkins & Co. 
Topham 










234 


100 18 




Phillips & Co« 
Cotton . 
Port Wine . 
Tea . , 
Linen • 










16 5 
8 15 
1 13 6 


245 16 6 




Cash . 


• 














Bills Beceivable . 
,f Payable 










- 


60 10 




Profit and Loss , 
Trade Ezpenseii 


1 < 
• 1 








63 5 


488 18 6 












488 18 6 



We have explained the meaning of a Trial Balance. We have yet 
to consider a Greneral Balance. This is a complete statement of the 
position of a firm or company ; and when presented in the form of a 
document is teimed a Balance Account. An abstract of this balance 
account is called a " Balance Sheet." This consists of two parts : 

(1) A Statement of Assets and Liabilities, showing whether the 
party is solvent, or insolvent. 

(2) A Statement of Profit and Loss, explaining how the above 
result of solvency or insolvency has been brought about. 

The following are spedmens of Balance Sheets, taken from the 
*' Money Market and City Intelligenoe" of '* The Times." 

The former is from the accounts of a bankrupt estate, and consists 
only of a statement of Assets and Liabilities; the second is that of a 
joint-stock bank, and comprises the statement of the Profit and Loss, 
as well as the Assets and Liabilities. 

In the bank account, the pounds sterling only have been given, for 
the sake of brevity. 
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Dr. 



SptdfMn of a Balance Sheet, 



To Creators on open aoconnt 
By Bilk payable 
LesSy goods consigned 

]Sy Liabilities on bills recdvable 
Expected to be duly met 

Cash in band at Joint Stock Bank 



C8271 11 8 
102 11 10 



9959 11 6 
7977 2 11 


1982 
1835 


8 7 
4 10 



Cf. 



By Cash at bankers held as 
security against bills receivable discounted 
Cash in trayellers' hands 
By debtors, good 

„ „ doubtful 848 11 1 estimated at 
„ „ bad 667 a 7 
By Bills receivable, in hand, 2667 2 11 

estiEoated to produce 

By Property 
By Stock 



LesSj Creditors under £10 
Bent, paid in foil 



55 11 6 
123 18 4 



Deficiency 



1632 9 6 



58168 19 6 



147 8 9 
59948 12 8 



[659 8 9]* 

142 11 

8096 17 8 

158 



1867 16 10 

2848 18 2 

25569 15 11 

83168 6 



179 9 10 

82988 19 8 
26969 18 

59948 12 8 



thus she^g a probable dividend of lOx. or lis. in the pound. 

The following Balance Sheet shews (1) what money has been received 
as paid-up capital, and the reserve fond from previous profits not divid- 
ed, but retained to meet contingencies, and the amount received from 
depositors, or onstomersj (2) what the bank has to shew f or aB the 
above money, i.e. rither money invested, or speiit upon 
expenses, or securities for money advanced. 



* Not available as an asset. 
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Dr. 




Cr. 


To GftpHal paid up 
BeserveAind 20,000 


800,000 


By inTestmanta in 
Goyemment aecuritie0, 


Half-year's interast 
at 4 per cent. 400 

20,400 
Amoimt due by bank 
on carrent aooounta 1,599|873 


kc. 282,874 
Freehold prendaea 

40,000 

^^T^^^"" 35,000 
of the bank ' 



Amount oanied to 
credit of F^fit and 
Loss account, 43,934 

Leas amoimt paid to 
cuBtomers for interest 
on balances 18,794 



75,000 

By bills disconnted, 

loans, &c. 1,821,845 

By cash in hand, and at 

caU 264,564 

By preliminaiy expenses 4,116 
By lease and buildings at 
~ 30,140* Charing Cross 2,014 

1,949,913 1,949,913 



Dr. 



Profit and Loss account* 



bad debts, &c. 10,904 

Bebate of interest on bills 
difloounted, not yet due, 
carried to profit and loss 
new account 8,815 

Amoont written ofiP, pre- 
liminaiy expenses 700 

To dividend at 5 per cent, 
per annum upon £800,000 750O 

Amount earned to credit of 
Besenre fund 6600 

Balance carried to Profit 
and Loss new account 621 

80,140 



By balance of Profit and 
Loss, brought forward 
from last half-year 

J^itto for current half-year 



Cr. 



1590 
28550 



80,140 



* Thia Is the most imi>oitant item, aadU in reidity the balance between the two 
sides of the capital accoont and indicates the gross profit. Had the bank lost more 
tyn^ti it had made dnring the half-Teaar, there would have been an item on the ather 
dde of the eapltid aoeoontk indtcatlog a loei^ 
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In the above, the Cr. side shows all that there is to dispose of from the 
gross profit indicated in the capital acoonnt| and the balance undisposed 
of in a previous half-year. The Dr. side explains how it is pi^posed to 
dispose of it ; after all expenses are paid, and a proper addition is made 
to the reserved fund there remains £8121 ; and out of this a dividend of 
jC7500 is paid to the shareholders, being at the rate of 5 per cent, per 
annum ; and the remaining balance is carried forward to next half-year's 
Profit and Loss account. 



UNITS OF VALUE, MEASURE, &c. 

In dealing so frequently as we do with the various weights, mea- 
sures, and moneys in use, we must necessarily have observed that there 
are certain fixed ttandards of each. An investigation into the circum- 
stances which determined the choice of these standards is not un- 
interesting. 

The particular coins, weights, or measures, which have been chosen 
as standards, whereby we measure all other quantities, are termed uniti. 
Thus, of the pound, shilling, or penny, any one may be considered as a 
unit, though, if they preserve their mutual relation unchanged, the 
determination of one Unit will at once give us the kndwledge of all the 
others. 

Similarly, the determination of the length of the yard will give the 
value of all other units of length, as miles, feet, &c. if their relation to 
the yard be fixed. And so also the determination of the pound avoir- 
dupois will be found to fix the value of every other standard of weight. 

Now it will be found in (p. 245), under the head of Decimal Ckunage, 
that in anything like a perfect system, a/B the French metrical system, 
there is no unit chosen but what is derived fi:om some natural standard; 
and in that system we shall see that all the units of weight, value, &c. 
are derived from one simple unit of length, which again is derived from 
a measurement accurately taken upon the earth's surface. 

But in England, few things can be imagined less influenced by uni- 
formity of principles than the determination of our several units of value, 
weight, capacity, &c., and their multiples and submultiples. 

Thus, the relations of farthings, pence, shillings, and pounds, which 
involve the multiplication by 4, 12, 20, proceed upon no scientific prin- 
dple ; and the same may be said of nearly all the weights and mea- 
sures, especially in Dry Measure, and Avoirdupois Weight. 

The penny is the real unit among our coinS| all others being multiples 
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Off it, except tbe fiurUiing, which is a fraction of it. The recent bronze 
coinage has completely overthrown the relation which has hitherto been 
supposed to subsist between the intrinsic value of the metal and its cur- 
rent value; and may probably lead to very important results, in the 
further substitution of a currency wMch has rather the nature of a token 
than an embodiment of value. Copper Coinage is a legal tender only 
up to 12d, Silver Coinage only up to iOs, 

The standard silver coin is H pure. From lib. Troy of this metal 
are coined 66a., so that the mint price of standard silver is 59, 6d. per 
oz., and that of pure severs ff of 58, 6d.=5i. lUfd, 

The standard gold coin is f} pure. From 1 lb. Troy of this metal 
are coined 46}f sov.s£46 lis. 6d.; so that the mint price of standard 
gold is £3 17s. 10}^.; and that of pure gold is H of 77«. 10^ 
s=£4 4s. llj^r^ 

A Carat is ^ part of 1 lb. of gold : hence the fineness of gold is often 
expressed by saying that it is so many carats fine, meaning so many 
parts out of 24 ; thus our standard gold is said to be 22 carats fine> 
and jewellers' gold is 18 carats fine. 

The fbllowing coins are worth notice, since they occur in ancient 
documents: 

Groats 4d, Testers 6(2. Nobles 6s. Sd. Angels 10s. 
Merk, or Mark s 13s. id. Jacobus = 25s. 

The adoption of the unit of length is indeed traceable to scientific 
principles. Thus it is obtained from the length of the seconds* pendulum, 
oscillating in vacuo at the latitude of London. This length is deter- 
mined as accurately as possible by experiment, and meaoired — and when 
this is divided into 39*13921 equal parts, 36 of them form our, yard. 
And all other measures of length are dther multiples of it, as the 
fathom, pole, furlong, mile, league ; or sub-multiples, as the foot, inch, 
barleycorn. This last is obsolete in practice; and an inch is either 
divided decimally into tenths, hundredths, &c., or into 12 equal parts 
called lines. 

It is worth enquiring whence come the two different measures of a 
degree, viz. 60 geographical miles, or 69| British miles. A geographi* 
cal mile is -^th part of a degree of longitude at the equator, but a 
British mile =1760 yds.; and on comparing these two miles we find 
that 60 of the former are equal. to abont 69^, or, in round numbers, 70 
of the latter. The advantage of having a geographical mile as a unit^ 
is that it is a convenient length to take as a knot or nautical mile, 
which knot bears an ascertainable ratio to the length of a degree of 
longitude, though that ratio varim in difGnent latitudes. 

a A. 11 
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Nautical imles, or knots, can be readily eonTerted into Britisb 
miles, or the oonvene; for since 60 knots =70 B« miles; .*. 1 knots:|p 
roilesH miles; and 1 milesf knot=:(l~.f) knots; so tbat to oonvert 
knots into miles we add ^th of the number; and to convert miles into 
knots we take off f th of the nmnber. 

For estimating long periods the year la tskesi as the unit of time; 
and for shorter periods, the day. The length of the day may be taken 
from two or three sources, which give results slightly different. These 
are as Ibllows : 

(1) The interval between any starts leaving the meridiaa of a place 
and returning to it. This interval is fonnd never to vary, and is teimed 
a aideredl day. It would not, however, be convenient as the (wdinary 
measure of time; for its commencement, depending upon the presence 
of some particular star upon the meridian, would not be marked by a 
sufficiently striking phenomenon, and in the course of a year would 
happen when the Sun was at various distances above and below the 
horizon. 

. (2) The time of the Sun*s leaving the meridian of any place and 
returning to it; i.e. the interval between two successive noons; and 
this interval is termed a aolar day. But as the Sun's apparent motion 
in the heavens is not uniform, this solar day varies, and is therefore not 
a good standard. ' 

(S) The third and most suitable standard is the interval which would 
be occupied by the Sun, if the equslities of its motion were corrected, 
that is, if it travelled at the same uniform rato as it now does on an 
average. This interval is termed the mean uilar day. A dock which 
shows a change of 24 hours in such a day is said to keep true^ or mean 
solar time ; but the time indicated by it will ahnost always be Afferent 
from that diown by a sundial, on account of the Sun's irregular motion ; 
and hence we observe in the almanacs that the dock is sometimes said 
to be before, and sometimes ^fter the Sun. In fact tiie dock and the 
sundial agree only four times in a year. 

When therefore we say that the year connsts of so many days, we 
speak of mean solar days. And having thus settied the length of a 
day, we divide it into 24 eqpal parts, and call eadi an hour; divide the 
hour into 60 equal parts, and call each » minute; divide a minute into 
60 equal parts, and call each a second. We then take a pendulum of 
such a lengrth that it will osdllato in a vaeuuaiy in the latitude of 
London, 60x60x24 times, or 86400 times, in one day; and wa thus 
determine the length of the seconds' pendnlnm. 

The length of the year itself is an important unit of time. This is 
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foand by obsenring tbe interval between the Sun's leaving an eqidnoic 
or flolstioe, and returning to the same equinox or eoUttiee. This interval 
is tflsmed the Tropical Year, and is found most accurately by comparing 
observations made at distant periods. It is found to be 365d. 5h, 48m. 
47*53091 sees, mean solar time. As it would be veiy inoonvenient for 
civil purposes that a year should consist of a broken number of days, 
(for we should in that case sometimes hsve a part of a working day in 
one year, and the remainder in another) it is agreed to take 365^ days 
as a year; and to reckon 365 days as a year for 3 consecutive years, and 
then with the 4 quarters that have been aoeumulating in 4 years, make 
an extra day; so that every 4th year consists of 860 days. This day is 
called an iiUendlary day, and is added to the shortest months vis. 
Febnuury, causing what is commonly termed Bissextile* or Leap Year. 

By observing, however, the difference between the true value of the 
tropical year, 865*24223, and the assumed value, 865*25, we find tliere 
is an excess of 11 min. per annum, which amounts to about three days 
in 400yrs. Hence, if we omit three leap years in 400 yrs., we shall very 
nearly rectify the error. Now every year, divisible by four, is ordinarily 
a leap year; hence every year that closes a century, since it is divisible 
by 4, should be a leap year; thus, 1600, 1700, 1800, 1900, &c. should 
all be leap years. But as we must omit three leap years in 400 yrs., it is 
agreed that three out of the above four years which terminate successive 
centuries shall not be leap years. To determine which are the three, we 
divide by 4 the above numbers without the final ciphers; and we find 
that 16 can be divided by 4 without remainder, but 17, 18, 19 cannot; 
hence 1600 is made a leap year, and 1700, 1800, 1900 are not. 

The above error of 11 minutes per year went on accumulating from 
the institution of the Julian calendar till 1582 when the alteration was 
introduced by Pope Gregory xm, from whom it was called the Gre- 
gorian calendar. Now, the vernal equinox, which in 325, at the Council 
of Nice, fell on the 2l8t of March, in 1582 happened on the 11th of 
March; therefore. Pope Gregory caused 10 days to be omitted, making 
the 15th of October immediately succeed the 4th ; so that the next year 
the vernal equinox again fell on the 21st of March. This correction 
was not introduced into England till 171^1, when it had become neces- 
sazy to omit 11 days in the current year. 

The time before the alteration is termed Old Style, and after it New 
StyUm And as in Old Style the year began at the 25th of March, any 

* IVom 2)<«, twice, and sexfXLiSj sixth; because in this year the tixOk day before 
the calends of March was repeated twice. 

11—2 
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event wfaloh oocnrred between Jaattary 1st ftnd March 25ti), would be 
refionble to both yean, and -wsa thna noted, Jan. 17thy 1^H> o' 1641-2. 
Bat with the change of style the year was made to commence at the 1st 
of January. 

Bussia stQl adheres to the Old Sl^le, and the error now amounts to 
about 12 days. 

The standard of weight is a lump of platinum, maiiced P. S. 1 lb. 
1844, and called the parliamentary standard pound, and preserved in the 

Exchequer. This is the pound Avoirdupois, andzTrrrth of this is 

termed a grain. 5760 of these grains make what is termed a pound 
•Troy, Formerly, there was a lump of bronze, preserved as a standard 

of the pound Troy, and of course th of it was a grain. But this 

standard was destroyed in the burning of the Houses of Parliament in 
1885. From the above avoirdupois lb. all the other multiples and sub- 
multiples are derived. Apothecaries retail by the troy pound and troy 
grain, but they subdivide Hie pound in a different way. 

The standard of fluid measure is a gallon; and the true definition of 
it is that it contains 10 lbs. avoirdupois of distilled water weighed in air 
at a temperature of 62® F. when the barometer is at SO Inches. 

The weight of a cubic inch of water, expressed in grains, can be best 
obtained from the following, data : 

8*937079 Eng. inches =1 decimetre, 

1 cubic decimetre =1*000012 kilogrammes, 

1 kilogramme «= 15432-349 grains. 

Hence, the weight of a cubic inch of water is found to be 252*5977 
grains. 

Also, rinee 1 gram= ^^^<^h. in. of w.ter, 

and 1 gallon, or 10 lbs. = 10 x 7000 grains, 

_ ... 70000 . . «„^^,, , . 

I gallons 2^2^77* * ^'^^^^'^^ ^^ ^- 
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DECIMAL COINAGE. 



The question of Decimal Coinage, which seemed to interest the pub- 
lic mind some time since, appears now to have lost much of that interest; 
but it is not lost sight of by any who desire to see the £Eualitie8 for edu- 
cation extended, or commercial intercourse simplified. 

From what has been said above, (p. 240), about our present coinage, it 
is manifest that.ihere has been no attempt made to proceed upon any sys- 
tem in the construction of our coinage, weights, and measures; but that 
the choice of every unit has been the result either of accident or arbitrary 
selection. And though there is primft fade evidence of the superiority of 
a decimal over any other system of coinage, seeing that it substitutes 
simple arithmetic for compound; yet it is not till we come to the consi- 
deration of the weights and measures, that we see, to the full extent, how 
cumbrous our system is, if it deserves the name of system at alL But 
when we observe the almost infinite variety of weights and measures in 
lise in various parts of the country, especially in the article of grain, so 
that a merchant who wished to buy or sell by the bushel would have to 
take a different standard of weight for a bushel in almost every consider- 
able com market in England, one would think that our present position 
would hardly find a defender. 

The only system of decimal coinage which has been brought exten- 
sively and authoritatively under the eye of the British public, is termed 
the pound and mil system, which was recommended before a Committee 
of the House of Commons, in 1853, by many able witnesses, among 
whom were Professors Airy and De Morgan. 

But the system which has by fax t)ie strongest recommendation for 
simplicity and completeness is the metrical system of France, which, as 
we shall presently see, embraces coinage^ and weights and measures, 
linear, superficial, solid and liquid. 

The advantages of any decimal system of money, weights and mea- 
sures, in simplifying the operations of Arithmetic, are as follows. 

I. There would be no such thing as Compound Arithmetic. 

II. Seduction woidd no longer be treated as a separate and very 
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troublesome process, because all reduction to a lower name would be 
performed by merely moving the point to the right, and all reduction 
to a higher by moving the point to the left. 

m. There would not be the same necessity for the acquirement of 
dexterity in the use of Vulgar Fractions^ since they would for almost all 
business purposes be superseded by Decimals*. 

lY. The rule called Practice would be entirely abolished; since 
Practice is only another method of working examples in Compound 
Arithmetic; and all questions hitherto wrought by it would be worked 
by Simple Multiplication. 

v. Proportion and its numerous applications would of course par* 
take of the great simplification arising from the rejection of all the pre- 
sent processes of Beduction and Compound Bules. The calculations of 
Interest, Stocks and Exchange^ would offer the most noticeable instances 
of abbreviation. 

Probably, under a decimal Efystem, the fluctuations in the price of 
Stock would be reckoned by tenths, instead of as now by eigMTts; so also 
the brokerage would be £^, and not £|, per cent. And these two 
changes would veiy materially increase the simplification. 

So that probably the whole subject of Arithmetic would be taught io 
half the time that it is now; and much greater accuracy would be gene- 
rally obtained. 

The pound and mil s3rBtem of coinage is briefly as follows. 

It adopts the present pound, as the unit, and its tenths, hundredthSy 
and thousandths. 

Thus, one tenth of £1 is the present /onn, 
one h/undredth of £1 would be a new coin, called a cent, 
and one thousancMi of £1 would be a new coin, called a mUj 
so that 10 mils <= 1 cent, 10 cents = 1 florin, 10 florins s 1 pound. 

Other coins would be used, but their value on paper must all be 
expressed in the above four coins, called money qf account. 

Also, in writing a sum of money consisting of pounds, and sums 
below £1, we should place a dot or point (*) after the pounds, and put 
the florins in the first place after the dot, the cents in the second, and the 
mils in the third. 

* All the theory of dedmals will of course remain unaltered; and It will still 
be advisable that pupils should learn the whole qrstem of dedmals, indndiag Che 
converting of Ynlgar FractioDs Into Pedmals and the converse; Gizcolatixig Deci- 
mals, &a But in consequence of the general tendency to supersede Ynlgar Fractions 
l3j dectmalB, these parts of the subject may be viewed not so much as a praefieol 
acquisition, but rather as an instrument of edueaUondl d^pline, an impoKtant 
tonctton of Arithmetic very mucb overlooked by many, both teachen and leamen. 
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Thns, £28, 4 florins, 5 cents, TmOs, would be written £28*457 ; and if 
each of these quantities be written seiMurately, in four mizns under one 
another, they would stand thus : 

£ 
23. 
•4 
•05 
•007 
where in the third line a cipher is placed, to keep the 5 cents in the second 
column after the poin^ t. e. in the column of cents; and in the fourth 
line, two ciphers are placed, so as to keep the 7 mils in the column of 
mils. But in 23*457, the 4 keeps the 5 in its proper column, and the 45 
keeps the 7 ; and therefore no ciphers are required* 

But a sum of 10 mils, or more, being equal to a cent, will appear in 
the second place, and 100 mils or 10 cents, being reaOy a florin, will fill 
the first place. 

Thus, 17mil8=lc. 7m., or in terms of £1= £-017 
76c€nt8=7fl. 5c. „ „ «£75 

And, £*457 may be read 4fl. 5 c. 7m. 

or 4fl. 57 mils, 
or 457 mils. 

This system would have the following coins; those below the six- 
pence, or quarter florin, are new. 

Sovereign =1000 mils, or written in pounds 



Half Sovereign = 


500 


Crown = 


250 


Florin = 


100 


Half Florin) 
or Hhilling ( 


50 


Quarter Flo. ) _ 
or Sixpence ) "" 


25 


Mkt 


Two Cent Piece = 


20 


Cent = 


10 


Five Mil Piece = 


5 


Two Mil 


2 


One MU 


1 



... 



& 

I'OOOor 


& 
1. 


•500 „ 


•5 


•250 „ 


•25 


•100 „ 


•1 



•050 „ -05 
•025 



•020 „ 


'02 


•010 „ 


•01 


•005 




•002 




•001 





In discussing the question of Decimal Coinage, our attention cannot 
but be forcibly directed to a due consideration of the Metrical System of 
France, which, on account of its simplicity, completeness and beautiful 
arrangement, stands preeminent among all other systems. 
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It is called the Metrtectl System, because from the single unit, the 
Hto«, are derived the weight and diameter of its coins, and all its 
weights, and its measures, whether 'linear, superficial, or cubia Of 
course it is plain that in a system so simple and complete as this, all 
arithmetical operations are performed by means of the four Elementary 
Bules; and there is no such thing in all French computations as Com* 
pound Arithmetic. 

The Mbtre was obtained from the subdivision of a meridian line 
drawn upon the earth's sur&ce. By the actual measurement of an arc 
(from Dunkirk to Barcelona) a computation was made of the length of a 
quadrant, or one-fourth part of a complete meridian. A ten-millionth 
part of this quantity was taken as the unit of linear measurement, and is 
equal to about 39*371 English inches. 

All tMiUiples of this, proceeding tenfold higher, are named from the 

m^tre and Oreek prefixes, as deca, hecto, kilo, representing 10, 100, 1000 

times the mbtre. And all mbmuUiplea of the mbtre, proceeding tenfold 

lower, are named from the mbtre and LaHn prefixes, as ded, centi, milli, 

111 
representing j^ , jr-z , yr-^ of the mbtre. Hence we have the following 

table of the values of the French m^tre, and its multiples and submul- 
tipleSy expressed in terms of an English inch. 

Myriametre or 10000 metres = 393710 English inches. 

„ = 39371- 
„ = 3937-1 
„ = 393-71 „ 

„ = . 39-371 „ 

„ = 3-9371 „ . 

„ = -39371 

1000 " ^ -039371 

Here it can hardly be needful to remark, that every one of these de- 
nominations can' be converted into the next lower, by simply moving the 
point to the right, i. e, by muUiplying by 10 for each step in the reduction ; 
and to the next higher, by moving the point to the left, t. «. by dividitig 
by 10 for each step. 

It will next be most convenient to discuss the weights. The unit is 
a Gramme, and as in the m^tre, so the multiples of the Gramme pro- 
ceeding tenfold higher each step are called decagramme, hectogramme. 



Kilometre 


$f 


1000 


Hectometre 


f> 


. 100 


Decametre 


tf 


10 


Metre 

r 


9i 


1 


Decimetre 


* 

if 


1 

10 


Centimetre 


f> 


1 

100 


Millimetre 


tf 


1 

«tf ^% J^ ^ 
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kflognanme; and tlie sabmultiplesy tenfold lower^ are <SB]led dedgramme, 
centigramme, milligramme. 

The Gramme is the weight of the Tolome of distilled water, at the 
temperature of its greatest density, contained in a cube whose edge is a 
centhnetre ; and therefore, of course 

the weight of 10 such cubes forms a decagramme^ 
$9 100 „ „ hectogramme, 

„ 1000 ,f „ kilogramme. 

And in like manner 

^ the weight of — of such a cube forms a decigramme. 
w ^^ 99 99 centigramme. 

" 1000 " " milligramme. 

A gramme is equivalent to 15*432 grs. or nearly 16grs. Troy, 
.*. a kilogramme „ 2*68 lbs. or about 2|lb6. Troy. 

Again, the volume of a kilogramme of water is taken as the unit of 
capacity, and is called a litre: and its multiples, proceeding tenfold 
higher, are, upon the same principle as before, termed a decalitre, hecto- 
litre, kilolitre ; and the submultiples, proceeding tenfold lower, are called 
a decilitre, centilitre, millilitre. 

A litre is equivalent to 1*760773 pts. or about If pmts, 
. -. a kilolitre „ 220*00668 gaUons, or about 220 galls. 

The principal unit of superficial measure is the a/re or square deca- 
metre, t. e. a square having 10 metres or linear units for its side. 

(39*371 \ 
— 5g — Jsq. yds.=l*196046sq. yds. 

Hence 1 are = 100 sq. mbtres =119 *6046 sq. yds. 

a decare= 1196*046. 
a hectare =11960*46. 

This last will be found to be from 2^ to 2^ acres English, and is 
commonly employed in France for measuring large pieces of land. 

The coins are also derived from the mbtre both as to their weight and 
measure. There are but two moneys of account, the centime, and the 
franc = 100 centimes; or, considering the centimes as decimal parts of a 
franc, the name of but one coin is required. Thus, 25 £rancs, 87 centimes 
may be written 25*37 francs. 

The centime is a coin the diameter of which is 1 centimetre, and 

11—5 
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wdght is 1 gramme; so that 100 oentimes touching one aao&er and ar- 
nnged in a straight line would extend one metro ; and treated as weights^ 
they would he equal to 100gramme«> or one-tenth of a kilc^ramme. 
Henoe, every centime fonns at the same time, a coin, a weight, and a 
measure. 

The various coins that are needed and generally used to avoid carrying 
a multitude of smaller coins are, in silver^ {■ franc =20 cents, { franc = 
25 cents, } franc =50 cents, 2.franc and 5 franc pieces: and in gold, 
5 franc, lOfrunc, 20 franc, and 40 franc pieces. Their weights and dia- 
meters are as follows: 





SILVER. 


• 


fiancf. 


wt. in grammes. 


diam. in mOlimetret 


* 


1 


16 


i 


1-26 


15 


i 


2-5 


18 


1 


5. 


23 


2 


10. 


27 


5 


25. 
• 

GOht>. 


87 


5 


1-6129 


17 


10 


3-2258 


19 


20 


6-4616 


21 


40 


12-9032 


26 


50 


16-129 


28 


100 


82258 


35 
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THE ABACUS. 



Thb Alaeut or Saxet-paa, w it U called in China, U an Instra- 
mant for the quick perronnance of the opCTatJona of the four Simpla 
Bolea. Aa it ii appBoable only to Simplt Addition, Subtraction, &o., it 
CBonOl be Med for commercial purpusas, excepting where a dedmal 
coinage is current. The annexed cut represents the instniinent. Tha 




06766432108 76 
number of parallel vires is opUonal: I bave inserted ten at the left of 
the decimal point, and three after it, bo that we con count as high as 
1000 miDionB of the iml^ and as low ai thoBsandthi of the same nnit. 

Each ball w counter ia the upper part of the frame stands fbr fivt; 
and each one below for one. When any one of the counter? ii used, it 
muBt be brought close to the cress bar which divides tha irame ; when 
the balls teueh the outer ban, the; are out of naa for the time. Tha 
diagnm will afaew tlie numhar of balla required to represent any one of 
the digits from to 0; the balls now in me coireapond to the numbeiB 
below the frame. , 

In adding together any number of quantities, the operator perforaia 
tiie addition ai each line is read over to bim*; so that when Uie whole 
of the rows of figures have been read, the poaition of the counten after 
ius last operation will give the total of all the sums IJiat ware to be 
Added. And since it is aud that in China tlie operator can perform the 
additions as rapidly as any one will ordinarily read the varioua amounts, 
and with perfect accuracy, there must be a ccnsidecabls saving of time. 
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The foUamiig prinoiplei must be Temsmbered, and HiB oomepoDdiiig 
opentJom perfOTmed with &oilitj. 

I. To add ten ia Kaj row ia to osrry aw to the next row. 

H. If two five* Hs in use on any low, they most b« fleeted, and 
CM curied to the oezt row. 

III. If Jhe oanntm are in nse on any bar in tiis lower frams, it ia 
better to rqect them, and «nbstitnte a «ngle one in the upper frame. 

In perfonning additions, when there are conntera, not in use, snffi- 
dent to perfbim the addUJao, It ii vet; easy; thus, I con odd 2, 3, or i 
to 1, or to 5: or, I can add 6, 7, oi 8, to uid 1. 

But the aomber of oonoteni will often be too small, eapedalty wben 
we are adding to nnmben which already mjoire nearly all the conntera 
to be in uie. Tboa, I cannot ai one jmceu add S to 8, or to 0, or to 4. 
In thii OBie, ioltead of adding S diroctly, I add iti sqiiiYalent, 5 — 2, or 
10—7) i. s. I add 5 and subtract 2, or add 10 and subtiact 7. 

When tii« number to which I am adding ia mart thaa five, I add the 
larger eqniTalent, aa 10—7, instead of fi; or 10—8, instead of 2: but if 
it be ien Vuai five, I add tJie smaller equivalent, aa B—2, hatetd of 3; 
otG— 3, instead of 2. 

We have seen that the fint diagram represents (he number 
S873543210-37G. The second gives the result of the annexed Bom in 




SS785I3210'375 ^mple&dditiDn. Each row is added singly, according 

78686277* |527 to the direclions given above ; and if the work is fOr- 

lOOO'OOO ^""^ correctly, the operator will find the amngs- 

1-007 ment of the balls aa in tlie ai^oining diagram. Ibave 

6G32 *48S used numbers involving three places of dedmals, in 

^^"^*^ order to show the application of the instrument to a 

10686797818-661 dednlal OHrt«ncy. The operation of aubtrwjUoo will 

ofconraebejartopporita to that of Addition: tha^ 

whero there are balla enough to enable me to subtract directly, as 2 from t, 

or 6, or 8, I do so: otherwise, I must subtract indirectly, uwaadtmein 
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Addition. To subtract 4, s. e. 5—1, from 5, 9, 7i or 8, 1 subtract 5, and 
add 1 : to subtract 8, t. e. 10—2, froxh any number less than 8, 1 subtract 
10, (that is, 1 from the previous row,) and add 2. And so on for other 
numbers. • 

Multiplication by the numbers 2 to 12, or by composite numbers, 
whose frctors are not greater than 12, is easily performed ; of course each 
line, as it is produced mentally, is recorded on the abacus, and takes the 
place of the previous one. The same may be done with any multiplier, 
as 267, if the top line or multiplicand be written on a slip of paper, and 
kept before the eye: for of course, in such an example, if I commence 
by marking the top line upon the instrument, the arrangement is changed 
as soon as I commence the multiplication ; and for working the second 
and tlurd line I must have the multiplicand written before me. 

Short Division may be very readily performed, but not Long 
Divifion ; and therefore only the numbers from 2 to 12, and those which 
are composed of factors not greater than 12, can be used as divisors. 

Those who have leamt the Multiplication Table as far as 20 times , 
20, can of course extend their use of the abacus accordingly. 

Obs. In the construction of the abacus, it would be well to have 
the balls of a diflferent 9olour after every three rows, reckoning from 
right to leftf, in order to assist the eye in catching quickly the place of 
one thousand, one million, &a 
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FBACTIONAL QUOTIENT. 

It was mentioned in (22) that the word quotient is not inapplicable^ 
where one number is to be divided by aaother, and yet the division 
cannot be performed; thus in the division of 2 by 5, we said that the 
quotient was ■!• 

This may be seen mo][e dearly^ if we remember that the word quotient 
means h/no often the divisor is contained in the dividend, — and if we 
observe the following illustration. Suppose that I ha>Te a rod five inches 
long, and with it I am to measure the depth of water in several full 

vesseky of which the depth is known to be 1, 2, Z, 4, inohes. If 

now I ask how many times the length of this rod is oontained in the 
depth of the water ; the reply is, that in the first, one inch or one-fifth of 
the rod was immersed, •• & the rod werU imto the depth one-fifth times; 
and therefore the genuine quotient of 1 when divided by is one-fifth or ^. 
Similarly, the quotient in the case Of the second, third, &o. vessels, 
would be f , f , &c. And when I come to measure the depth of the 
five-inch vessel, the quotient ought to be -I, or 1, i. e, the rod is just once 
immersed. And when I measure the seven-inch depth, I find the 
quotient to be { or If ; i.e. it takes one immersion of the rod, and { of 
another, to measure the seven inches. 



ABSTRACT AND CONCBETE. 

An ahslract number is a number of repetition, or the amount of r^peti. 
tion a certain number goes through ; but a concrete number is the number 
which thus goes through the process of repetition. 

In the process of multiplication, the number that follows the sign is 
of course by the above definition, abstract, unless we can show that the 
order of multiplication is immaterial, A concrete number multiplied by 
a concrete number is inconceivable ; when it appears to occur, as in the 
case 8 ft. X2ft.=6 sq. ft., the expression would be mors aocnrately 
written 3 sq. ft. X 2=6 sq. ft. See Art. 178. 

Division is the converse of Multiplication, and may be defined as the 
art of finding how often one quantity is contained in another. It is of 
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two kinds : Ist, where two ooncrete quantities of the same kind are given, 

and it is required te find how many times one must be repeated to obtain 

ooncrete dividend , . - 

the other : here. ^ .,. . gives as quotient an abstract number. 

ooncrete divisor " ^ * 

i.e, so many times.. 2ndlyy where an abstract number is given as the 

divisor, and a concrete number^ as before, for the dividend j here the 

question takes the shape. "What number requires to be repeated as many 

times as the divisor indicates, in order to become the dividends" And 

the corresponding definition is, Division is the process of finding what 

number it is that requires to be multiplied by the divisor to produce the 

dividend. The resulting number may be the same in both cases, the 

Off 1^0 I 

results differing only in kind : thus, we should have ■ ^ \. ' =7 times: and 

ibs. 

35 lbs. fe, ,, 

— - — =7 lbs. 



BAIIO. 

It was observed in (174) that quantities which cannot be accurately 
represented by numbers, are said to be incommensurable. And since 
the Exs. in Batio and Proportion, which we have considered, have 
always involved only commensurable quantities, it might be thought that 
the application of the principles of Batio and Proportion was limited 
to such quantities. 

But by observing {Q6), from whence our definition of Batio was taken, 

we learn that a Batio can exist between any two quantities whose 

magnitude can be represented, as A and B are, t.e. geometrically: and 

since it can be shown* that magnitudes which cannot be represented 

accurately in numbers, can yet be correctly represented geometrically ; 

therefore a ratio can exist between two or more quantities, even if one 

or all of them be incommensurable, though the value of that ratio cannot 

be accurately represented in numbers. Thus, in Fig. 1, page 172, the 

ratio of the diagonal of a square inch to its side is represented by the 

., a e .,. ,. ,, 1'4142 - .-._ 

fraction 4 ; or arithmetically, r or 1 •4142 




* Some knowledge of Geometry ia necessary to enable as to find 
the length of the line ac 

Since o&c is one angle of a redangfidar figure, or a righJb tmffie, 
we learn from Euclid, 1. 47, that the square of which oc is the side 
s the sum of the squares of which ab and 5c are the sides. Now, in 
Fig.1, p. 173, wetooka&=sl,andac=l; therefore the sum of the 
squares of a5 and ae= !> •(> 1> = 2; therefore the square of oe = 2, or 

acitself=V2'= 1-4142.. .• 
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CIBCULATING DECIMALS. 

Sometimes a decimal of very long period may be easily carried out 
to many places, without perfoiming the division tl^roTtghout, as in the 
following Ez, 

To reduce Tq to a decimal. 



19^ 1*00 (^*05263 By division we have 



96_ 

50 
88 

120 
114 

60 
3 



(H) 



therefore, multiplying both sides by Z, 

3 

and substituting for r^ in (H) we have 

, i= -0526315789 J; 



9 



therefore ~ = '4736842101 ^ = -4736842105^ ; 

1 K 

and henoe =^='05263157894736842105^; and by continuing this 

process, it is plain that we double at every step the number of figures 

previously obtained. This decimal, it will be seen, circulates after the 

■I 
eighteenth figure^ so that ir^ = '05263157894736421. 



PEOPOBTION. 



The pupil who is acquainted with Book VI. of Euclid's Ele- 

Fxo. 9. 
A D Fio. 10. 

E 
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ments of Geometry, 'will know that if two reotangnlar figures, AC^ 
EO^ be eqaaly the four sides which contain a pair of the equal angles^ 
ABC, EFG, are proportional in the following order,— ^JB; EF, FO, BC; 
sothat 

AB : EF :: FO : BG (J). 

We can show that this proportion is such as wonld be obtained fi-om 
the statement of a question in Bole of Three, in which two surfaces AC, 
EO, are required to be equal; and until we know of this proportion, we 
haye no right to employ the ordinary process of Simple Proportion. 

Ex. How wide a piece of doth, 15 feet long, will cover a floor 
13 feet 6 inches long and 10 feet wide? 

Let AB be the lengths 16 feet; BC the breadth, which is yet to be 
found ; EF= 18 ft 6 in. ; FGss 10 ft. ; then, by the usual statement, and 
writing BC as the fourth term, we have 

15a : 18ft. 6 in. :: lOfl. : BC; 

and this will be found to be the same as (J). 

In the language of Geometry, we say that the sides about the equal 
angles ABC, EFQ, are reeifTOcdUy proportional. 

The solution of such a question as the following is worth notice. 

The shadow of a steeple is 105 yards long, and that of a stick i\ feet 
long is 15 yards : find the height of the steeple. 



Fio. IL 




Fig. 12. 



lOTyanlii. 




41 feet 



lil7ar£. B 



Let AB, BC, represent the steeple and its Aadow; and let DE, 
EF represent the stick and its shadow: I have to find the length otAB, 

Now, most pupils, seeing this question under the head of Bule of 
Three, would immediately take it for granted that the three terms given 
would form a statement; i. e, that the ratio between the lengths of the 
two shadows is equal to that of the steeple and stick by which those 
shadows are cast. This is quite true; and my object in ^plaining this 
sum is merely to show what authority we have for believing that these 
two ratios are eqqaL Join A C, DF, — these Knes A C, DF, will represent 
the direction of rays of light firom the sun, and being from the same 
distant body are consideved panUlel : henoe^ since AB, BE, are parallel, 
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as are also FE^ CB\ the triangles, ABO^ DEP, are said to be similar: 
and from a geometrical property of such triangles, we have the following : 

EP : BC :: DE : AB; 

or, substituting the value of EP, BC, DE, which are given by the ques- 
tion, we have 

15 yards : 105 yards :: 4} feet : AB; 

and therefore il5 =^ ^^-^^x 44 ft.=31i feet. 

The following Ex. will show that it is not always safe to assume that 
a question which is apparently a Rule of Three Ex. will at once furnish 
a statement; i, e, that two quantities which appear to be connected, as 
in ordinaiy Exs., are really proportional to one another^ as in (75) 
and (76). 

Ex. If a ball &lHng from rest drop through a space of 64{ feet in 
two seconds, through what distance wfll it have frdlen in three seconds! 

Now, if it were true that the distance fallen in any time were dkteUy 
t proportUmal to the time, the statement would be 

2 seconds : 3 seconds :: 64] feet^ 

and the fourth term would be 96f feet. But a knowledge of the laws of 
mechanics corrects this supposition, and teaches us that the distance 
fallen in any time is not directly proportional to the number of seconds, 
but to the tquare of that number; and that in the above statement I 
ought to have put 2* and 8', or 4 and 9, instead of 2 and 8 : hence the 
statement is 

4:9:: 64f feet; 

and the distance fallen in three seconds =:144x\ feet. 
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EXCHANGE. 

To show that £ls25'17 francs, nearly. 

£1 of English gold 22 carats fine is |} pure, or contains 91} gold in 
100 parts. £1 of French gold contains 90 parts in 100. 1 kilogramme 
is coined into 155 Kapoleons^ or 3100 fbuics; tharefim 1 kilogramme 
of English gold is worth 8157*4 francs ; or deducting the charge for coin- 
ing, namely 6*7 fr«ncs per kilog., £1 Eng. gold a 81 50*7 francs. Also 
1 oz. Troy, or 480 grains =& 81*1 grammes, at the rate of 15*482 grains 
to 1 gramme. The Mint price of standard gold in England = 77i* 10)d. 
per 0S.9 because 1 lb. Troy is equivalent to 44| guineas^ or 984| di.; 
therefore 1 oz. is worth 984^ -M2, or 77*875«. 

Collecting these fkcts, we have 

£l=20f. 
77*875#. = 1 oz. Troy 
1 oz. Troy= 81*1 grammes, 
1000 gnonmes of Eng. golds 8150*7 francs; 

^, 20x81*1x8150-7. or,^r 

.'. £1 =» ; 7.875x1000 ' ^*°<*=25*17 francs, nearly. 
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MISCELLANEOUS QUESTIONS. 



ON FEACTI0N8 AND THE PRINCIPLES OF PBOPOETION* 

1. "Rtpt.atw the terms "Common Measure," and ^'Common Mnl- 
.tiple." 

2. Show how to find the Least Common Multiple of any set of 
whole numbers. Take any numbers as an Example. 

8. When are numbers said to be prime to one another?- Give an 
example of three numbers which are prime to one another, but none of 
them primes. 

4. What do you mean by prime factors t Besolye 1512 into its 
prime factors. 

5. Show what is the a. o. H. of 27, 144, 96, by breaking them into 
their prime factors. 

6. Explain the terms jproper and im^proper fractions, Giye an Ex. 
of each. 

7. State the two modes of multiplying fractions by whole numbers. 
Take an Ex., and show that the modes are true. 

8. State also the two modes of dividing fractions by whole numbers, 
and prove their correctness in any example. 

9. What do you mean by reducing a fraction to lowest terms? 
Show the correctness of the process employed. 

10. Taking any Ex. of the above reduction, draw a figure which 
shall enable us to see by inspection that the fraction when so reduced 
remains unaltered in value. 

11. For what purpose do we requhre the L. 0. H. of any numbers ? 

12. Show how to reduce improper fractions to mixed numbers, and 
the contrary; giving an example of each kind of fractions. 

18. What must be done with fractions before they can be added or 
subtracted ? Take as Exs. f + J ; {— f . 

14. How do you compare two proper fractions, at sight, so as to 
ascertain which is the larger? Ex. Compare ^ and •^. 

16. Prove that f xi=^; and that f of f = A. 

16. Hence show that of and the sign ( x ) placed between two frac* 
tions have the same meaning. 

1 T au^yf 1^^ ^Q common rule for division of fractions, viz. " In- 
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vert the diyiflor, and proceed as in multipHoation," is correct. Ex. Prove 
tbat|-f-f=fxf 

18. What do yon understand hy the brackets in the following Ex. 
(*+«x(i+4)l 

19. Explain the process of exhibiting any fractional quantity in 
positive terms. Ex. Express { of 27*. in shillixigSy pence, and fractional 
XMurts of a penny. 

20. What is the meaning of the term Batio ? How do you expiess 
the ratio of 4 to 5, and of 5 to 4 f 

21. Give distinctive names to the ratios 2:5; 8:8; 5:2. 

22. Exhibit the ratio of 8«. to 7id, as an abstract number. 

28. What is Proportion I The test of proportionaHty among 4 quan- 
tities is whether or no the product of the extremes equals the product of 
the means. Prove this. 

24. Explain the reason of the following operations in Kule of 
Three ; Ist, The reduction of the 1st and 2nd terms to the same name : 
2nd, The multiplying of the 2nd and 8rd terms together and dividing 
by the 1st. 

25. Explain how the term proporHondl is used to embrace two kinds 
of proportion. Give an Ex. of each. 

20. Give a description of the mode of working the following ques- 
tions: 

(1) Beduce S«. 6d. to the fraction of £1. 

(2) What fraction of a half guinea is equivalent to a moidore ? 

27. Work the following Ex., and be particular in forming a correct 
fractional quotient in the pence. Ex. (£8 17 8, 9id.)-i-6l. 

28. Show how to compare fractional quantities. Ex. Compare f , 
!• 4 

29. Compare also f £, -1^ of a guinea, and { of 16s. Bd, 

80. If i^ths of a piece of work were done in 1 hour, how soon 
would all the work be done! What relation is there between the work 
done in 1 hour^ and the time of doing all the work f 



ON DECIMALS. 

1. Explun the term "Decimal Fractions;" and show the principle 
upon which we write tenths, hundredths, thousandths, &c. decimally. 

2. Show how to convert a mdga/r fraction into a decimal fraction, 
written as a vulgar fraction. 

8. Explain what is meant by a power of any number ; and write 16, 
divided by the 4th power of 10, (1) as a vulgar fraon; (2) as a decimaL 
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4. State the method of conTerting into a dedmal, a fraction which 
contauis a power of 10 as a denommator. 

5. How do yon multiply a decimal by a power of 10 f Ex. 3*75 x 1 0*. 

6. How do yon divide a decimal by a power of 10? Ex. IS'TO-^-lC. 
7* State what fractions prodace terminating decimalSi and what pro- 

dnoe nan-terminating. Explain the reason. 

8. If the den' of a fi«, in its lowest terms, which produces a ciron- 
lattng decimal^ be known, what may be known oonceming the length of 
the period of the decimal ? Illustrate by the Ex. f. 

9. Show how to convert terminating decimals into vulgar fraotions. 
Ex. -0605. 

10. Explain fully the mode of converting non«terminating dedmals 
into vulgar tnctioTa. Take as Exs. '^4$, '8672$. 

11. State the mode of adding together decimals— -(1) terminating, 
(2) non-terminating. 

. 12. State the mode for subtraction. 

13. Show the truth of the common rule for the multiplication of 
decimals. Ex. Find the value of 1*75 x *037. 

14. Explain the mode of performing Long Division in Decimals ; 
and show what varieties may occur in fixing the decimal point in the 
quotient. Give Exs. in illustration. 

15. Show how to perform the operations of multiplication and divi- 
sion of circulating decimals. 

16. Find the value of 3*756 x 21*9875, correct to 2 places of deci- 
mals: and explain the principle and mode of working by the contracted 
form of multiplication in decimals. 

17. Find the product of 13*0586 by 12*758, without either as- 
suming the rule for multiplication of decimaLs, or converting them to 
vulgar fractions. 

18. Give Exs. of reduction of decimals, 

(1) From a decimal of £1 into positive terms, as shillings, 

pence, &c. 

(2) From a quantity involving pounds, shillings, and pence, to 

the decimal of a moidore. Work both your Exs. 



ON PEACTICE. 



1. What do you mean by the term " aliquot parts*^ Give Ess. 

2. What is the highest aliquot part of £1 1 What of la.? 

-te ont tables of aliquot ports, (1) of It. (2) of £1, 
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4. Pind by PtBctioe the oosi of 7108 DM. mi 9i<l. Explain all the 
work. 

5* Writs down one of orsiy variciy of Examplfis in Pinactioow 

6. Explain the mode of finding the oort of 5605f articles mi any 
price. 

7. Show also how to find the value of 1106 yds. mt 7<. O^jcL 

5. Give an Ex. in I^nctice in which the nsnal mode of taking 
aliquot parts of the highest denomination in money cannot be employed. 
Show how the Ex. is to be worked. 



on PEOPOBTIOK 

1. How many terms are genially found in proportion ! 

2. What is the general object of a question in Bule of Three ? 

3. In stating a Bule of Three sum, which term do you write down 
firsty and how do you select it 1 

4. When the statement is completed, describe the remaining steps 
of the work. 

5. Write down the fractional form of the fourth term, in terms of 
the other three; and hence derive the rules for completing a sum after 
it is stated. 

6. From the fractional form mentioned in the last question, shew 
that the fourth term will be of the same nature as the third term. ^ 

7. Give an example in Bule of Three involving four terms, of 
which one will not appear in the statement. 

8. Show how three terms are to be obtained from the following Ex. 
What IS the length of a floor which is 16 feet broad, and equal in area 
to a floor 24 feet square 1 

9» What is the difiSerenoe between Simple and Compound Proportion? 

10. Prove that one statement may be made to produce the same 
result as two or more separate statements by Single Bule of Three. 
Construct an Example in illustration. 



ON THE APPLICAIIONS OF PBOPOBHON. 

1. Explain the terms Prmeipat, Rate, Interest, Amount, 

2. Distinguish between Simple and Compound Interest. 

8. What other questions come properly under the head of- Simple 
Interest! 
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4, Prove thai the following Bule lor fin^g Simple Interest is true : 
"Multiply the sum given by the rate per cent., and divide by 100^" 

5» Show how to find the amount of any sum of money when out at 
interest for any number of years and days. 

6. Write in a plain Bule of Three form the questions involved in 
the following Examples : 

(1) At what rate per cent, will £175 i». 2d. amount to £196 is, Sd. 
in Syearsl 

(2) In what time will £175 amount to £204 158,, at 4^ p. c. per 
annum? 

(3) What sum will amount to £155 58, in 3 years at 5 p. c. Simple 
Interest? 

7. What do you mean by so many years' purchase being ^ven for a 
piece of property ? Construct and work an Ex. involving the above phrase. 

8. Show the difference between Interest and Discount. 

9. Explain whether the debtor or creditor is benefited by countiDg 
discount as interest. 

10. What is meant by discounting a biU? 

11. State and explain the technical terms connected with such bills. 

12. If a tradesman wishes to throw off any required discount off 
the invoice price of any article, as 20, 30, &c. per cent., show what 
proportion of the net value must be added, so as to give a proper 
gross price. 

Ex. L Find the invoice price of an article worth 21«., so as to 

allow of a discount of 15 per cent. 
Ex. n. If -I of a net price be put on, to make the gross pricey 

what discount is it intended to throw off? 
18. Ei^lain the objects proposed in questions under the head of 
"Profit and Loss." 

14. How do you in all examples introduce the condition of losing 
10 per cent., or of gaining 10 per cent. ? 

15. Write down a rule for working examples in FblIiOWBHIP or 
Partnership, 

(1) When the time is the same. 

(2) When the time is different. 

16. Show how to divide any sum of money into parts proportional 
to any given numbers. Ex. Divide £325 into shares proportional to 
the numbers 2,1,^. 

17. Construct an Ex. concerning the mixing together of articles of 
the same species, but of different values; and find the value of any 
quantity of the mixture. 
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is fa/ 18. State and explain fke ternia qaed in the baying and selling of 

ID' Stocks. 

Q on:. 19. Place in a Bule of Three form the following questions : 

(1) What must be giiran for £2520 stock at 87i, and 2t. M, per 
y\^: cent. oonuDission? 

(2) What per centage will be obtained by investing in the 3 per 
; 4(. : cents at 96i> allowing ^ per cent, for commission ? 

(3) How much stock can be bought for £1450, when the price is 
, c - 104|^ and commission 2«. 6c2. per cent. ? 

20. What are the principal questions that arise under the head of 

^ EXGHANGEt 

21. Explain the terms Par of Exchange, Couru qf Exchange, and 
,Qfr Sm^ taid C<nnpound At^ntraiion. 

r}j,. 22. Explain the mode of payment for imports and exports between 
America and England, by means of Bills of Exchange. 

^- 23. What is meant by the Chain Bole) Construct an Ex. which 
will exemplify its use, and work it both with and without that rule. 

24. What is the object of the Bule tenned Equation of Payments ? 
Explain the opposite views adopted in solving questions un'der this head. 

25. Work the following question without using any statement : 

\. If 12 yards of doth, 8 qrs. wide, cost £19, what will be the cost of 

8 yds. 5qrB. widef 



AEEA AND VOLUME. 

1. Describe the several meanings of the term inch, foot, or yard, 
when used in 1, 2, and 3 dimensions. 

2. Define the term rectangular, 

3. Give the shapes and names of the areas formed by the following 
products: 

(1) 1 foot X 1 foot. (4) 1 inch x ^ inch. 

(2) 1 inch X 1 foot, . (5) ^ inch x ^ iuch. 

(3) 1 inch X 1 inch. 

4. State the mode of finding the number of square feet, &c in a 
rectangular area. 

5. Show how the Tables called "Square Measure," and ''Solid 
Measure," have been formed. 

6. Show by actual computation of the area of a slab, 3 fL Tin. by 
2ft. din., that the process given by Cross Multiplication is correct. 

7. Give the shapes and names of the solids formed by the following 
products : 

CA. 12 
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1 sq. foot X V linear inch. 
1 sup. pr. X 1 linear inch. 
1 sq. inch x 1 linear inch. 

8. Show by actual computation of the Tolume of a block, 4 ft. 6 in. 
long, 2 ft. 4 in. wide, and 1ft. 9 in. thick, that the process given by Cross 
Multiplication is correct. 

9. Find the value of the above volume by multiplying together the 
above dimensions, as fractional parts of a foot. 

10. Explain the Gunter's Chain; and show how to convert an area 
expressed in links into acres, &c. 

Jl. What is meant by an incommensurable quantity? Give an 
example of such a quantity. 



EXTEACTIOIf OF BOOTS. 

1. Explain the terms Involution and Evolution. 

2. What is meant by the following expression i^/Ts^ 

3. Explain the terms perfect square, cube, &c. 

4. What will be the form of a square root of a number Which is not 
a perfect square? 

5. Give a name to such quentities as ^^2, /Js. 

6. Explain the mode of pointing, previous to the extraction of the 
square root, both of whole numbers and decimals. 

7. Show how to find a multiplier which shall make any proposed 
number a perfect square, or a perfect cube. 

Ex. Find the multiplier which shall make 45, (1) a perfect square, 
(2) a perfect cube. 

8. Write down the squares of all the digits. 

9. Give a rule for the extraction of the square root. 

10. Show why the incomplete divisor does not always give a correct 
figure in the root. 

11. How do you find any power of a fraction ? How do you extract 
the root of a fractional quantity? 

12. Give two methods of extracting the square root of a fractional 
quantity, of which the denominator is not a perfect square. 

13. Give a rule for the extraction of the Cube Boot. 

14. Give a rule for the extraction of any root whatever. 

15. Extract the square root of 576, and the cube root of 1728, in an 
algebraical form. 
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